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The City ot Auburn is taced with a number ot problems relating 
to its dependency on t wo kar st springs, Auburn and Summers 
springs, to meet its water requirements. Besides being 
extremely vulnerable to contamination, the springs otten 
discharge an insut ticient volume ot water needed for public 
consumpt ion a nd dilution ot the City' s treated wastewater. 
Thus, the City wishes to find an additional source of water 
and views nearby Shakertown Spring as a possibility. The 
study has three main obj ectives: 1) delineation of the AubUrn, 
Summers , and Shakertown Springs ground water basins, 2) 
determination of the volume of available water at each spring, 
and 3) investigation of additional potential water supplies as 
alternatives to the use of Shakertown Spring. A well survey 
a d kar st hydroqeoloqical inventory, supplemented by dye 
tracing, were conducted to reveal water table information 
necessary for ground water basin del ineation and construction 
of a potentiometric map. Water monitoring stations were 
constructed at the three springs, discharge measurements 
viii 
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performed, and stage monitored over a f ifteen month period. 
The Auburn, Summers, and Shakertown Springs Karst Ground Water 
Basins are estimated to possess areas of 9.74, 3.49, and 19.02 
square miles (25 . 23 , 9.04, and 49.26 square kilometers) 
respectively. Summe_s spring was found t o have an estimated 
base flow discharge of 1 - 2 cubic feet per second (cfs) (0.03 
- 0.06 cubic meters per second (ems» and Shakertown Spri ng an 
estimated base flow d ischarge of 8 - 9 efs (0 .2-0.3 ems). 
Estimation of base flow discharge at Auburn Spring was not 
possible due to the location of the City's water intake pipe 
at the spring head. However, a minimum discharge of 0.22 cfs 
(0.01 ems) was recorded on thirteen separate occasions during 
the period monitored. Five alternatives for the City of 
Auburn, including Shakertown Spring and two additional, though 
smaller, water sources are presented. The best source of 
water for the City must be decided with consideration of cost 
and need. A potentiometric map depicting gr und wat.er basins, 
water table contours, and subsurface f l ow routes is presented 
as a tool for the City of Auburn to aid in decisions regarding 
its water resources. 
CHAPTER I 
INTRO UCTION AND STATEMENT OF PURPOSE 
Introduction 
Urbanization of the Pennyroyal Sinkhole Plain of south-
central Kentucky has often been accompanied by a myriad of 
problems. Residents of this limestone karst region have had 
to cope with sinkhole collapse and flooding, hazardous levels 
of radon gas within their homes, ground water pollution, and 
problematic water supplies. At times, these problems have 
occurred in dramatic proportions. The City of Bowling Green, 
for example, has experienced two Superfund (CERCLA, 1980) 
emergencies as a direct result of contamination of the 
underground streams in the caves located · beneath the city 
(Crawford, 1988). Located only a short distance away, the 
City of Auburn (Figure 1) is faced with problems of its own. 
Due to a lack of major surface streams within the area, 
Auburn depends almost entirely upon two karst springs, Auburn 
1 
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and Summer s sprinqs', to meet its water requi rements . While 
both sprinqs constitute the headwaters of Black Liok Creek 
(Fiqure 2), Auburn Sprinq i s util i zed as the City's water 
supply, whereas Summers Sprinq serves to dilute the City's 
treated wastewater e ff luent . Like most sprinqs f ed by karst 
flow syste.s, these two sprinqs are extremely vulnerable to 
pollution fro. surface runoff which may carry contaminants 
directly into t he aquife r without filtration throuqh the soil. 
The multitude of sinkholes, swallets, and solutionally 
enlarqed openinqs in the reqion provide direct and larqely 
uninhibitod paths for the introduction of potential 
contaminants into the aquifer. While Auburn has not yet had 
to contend with emerqencies like those which have occurred in 
Bowlinq Green, this likelihood will only increase with further 
qrowth and industrialization. 
To more clearly illust rate the situation, one can easily 
imaqine a spi ll of pet r oleum products or aqri cu tural 
chemicals alonq one of the many hiqhways in the reg i on. While 
not such an unusual occurrence in itself, such an event could 
potentially render the City's water supply unusable i n as 
' ) The names of Auburn and Summers Sprinqs were qiven by 
the author . Auburn Sprinq is also known locally as Waterworks 
Sprinq, Town Sprinq, or simply "The Bluehole". Summers Sprinq 
has also been referred to as Branch spri nq or East Fork 
Sprinq. The name "Summers Sprinq" was qiven here ,;.~ reference 
to the current owner, David Summers. 
CITY OF AUBURN 
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little as t wenty-four hours after the release. currently, the 
City of Auburn is poorly prepared to deal with this kind of 
problem. While Auburn does maintain two water storage towers 
and has the option of purchasing additional water from the 
East Loqan Water District, these supplies are limited and 
would most likely not be s fficient to supply the City's needs 
for very long if Auburn Spring became unusable due to 
contamination. 
In addition to the danger of pollution, Auburn faces a 
more imminent problem: an inSUfficient volume of available 
water. During the dry summer months, the combined discha~~e 
of Auburn and Summers Springs is barely sufficient to meet the 
City's requirements. Due to a withdrawal rate equal to that 
of the t otal discharge of Auburn Spring during low flow, Black 
Lick Creek is sometimes completely dry in its course between 
the City's intake pipe and the creek's confluence with the 
outflow of Summers Spring. In addition to the City having an 
insufficient amount of water available for consumpt on, this 
leaves only that amount of water issuing from Summers Spring 
for dilution of the City's treated wastewater. The State of 
Kentucky enforces minimum dilution standards for the discharge 
o f treated municipal wastewater effluent into surface streams. 
Auburn is often in violation of these standards and faces the 
possibi lity of costly fines until the situation is corrected. 
The City then is often forced to make the costly water 
purchases from the East Loqan Water District. 
6 
Cle~T.ly, Auburn must find an additional or alternative 
source of water. In the Sinkhole Plain, findinq a suitable 
source of water is not a task which can be easily 
accomplished. Because of the porous nature of karst 
limestone, conventional sources, such as reservoirs or water 
supply wells are difficult, if not impossible, to construct. 
For this reason, many cOlllDlunities like Auburn depend on 
limestone sprinqs for their water needs. Fortunately for 
Auburn, the surroundinq area possesses a larqe n\llD.l)er of these 
sprinqs includinq Shakertown sprinq2, whose discharqe is 
rouqhly twice that of Auburn Sprinq. Due to its relative 
proximity (approximately four miles or 6.4 kilometers) to the 
City, Shakertown Sprinq is currently viewed as perhaps the 
best option for an additional or emerqency source of water. 
The reqion's karst water resources are thus invaluable to the 
City of Auburn. 
statement of Purpos e 
To help address Auburn's water problems, this research 
was conducted with three main objectives: 
1) Del i neation of the Auburn, Summers, and Shakertown 
Sprinqs Ground Water Basins and identification of major sub-
2) Shakertown Sprinq is also known as st. Maur's Sprinq, 
a named derived from the monastery of the same name, formerly 
located adjacent to the sprinq. 
7 
surface flow routes within each; 
2) Detel"lllination of the amount of available water at 
Auburn, SUlIIlIIers , and Shakertown Springs; and 
3) Investigation and recollllllendation of the best 
alternative and/or additional water supply using the 
information obtained during this study. 
Prior to the initiation of this research, very little was 
known about the sources of water flowing from the three 
springs. Clearly, an understanding of the basin boundaries 
and flow routes for the three ground water basins would be 
invaluable to the City . This knowledge would assist the City 
in making important decisions regarding zoning changes and the 
s i ting of potentially harmful land use practices, such as 
landfills, industr ies, and service stations. Perhaps equally 
important, the City would also be able to identify current 
facilities or practices which may already be affecting the 
quality and quantity of its water supply_ Also, as 
illustrated earlier, if in the future there should be a 
release of some potentially harmful substances, Auburn would 
be able to determine if and how that release would affect the 
City's water supply. As Auburn experiences further growth and 
industrialization, this knowledge will become even more 
8 
important aa the Ci ty's fragile ground water resources are 
subjected to further risk. 
By monitoring stage height, and therefore discharge, it 
is possible to estimate the amount of water available at each 
of the three springs. In addition, those times in which water 
is most likely to be scarce, at which frequency, and to what 
degree, can also be estimated. This information can then be 
used by the City in deciding the best way to utilize their 
water resources. 
From thE" beginning of this study, it was clear that; 
Auburn would need to develop an additional or alternative 
source of water. The closest spring to Auburn is the Gasper 
River Ri se. Research by Baize (1997), however, proved a 
hydrologic relationship between Auburn's treated wastewater 
effluent and the spring, thereby deeming it unsuitable for use 
as a water supply. While development of Shakertown Spring, 
t he next closest large spring, seemed the obvious choi ce, its 
distance from Auburn makes the idea an expensive one. 
Therefore, in conjunction with delineating the three ground 
water basins, this study serves to examine the opti on of 
finding a better alternative. It was hypothesized that it 
might be possible to pump water from a cave stream in an 
adjacent ground water basin over the drainage divide and into 
a sinkhole within the Auburn or Summers spring ground water 
bas ins. The water would then flow through conduits to one of 
theee springs thereby increasing its outflow. 
9 
While this 
study is not intended to solve all of Auburn'. water probl ... , 
it does serve to prov ide information which will facilitate the 
City in making important water supply decisions. 
Geographic SCQpe 
CHAPTER II 
THE STUDY AREA 
The study area is located in south-central Kentucky along 
the northern perimeter of the Pennyroyal Sinkhole Plain 
(Figure 3). ThE> Pennyroyal Sinkhole Plain and its origins has 
been the subject of much research and has been well described 
by Dicken (1935), Howard (1968), Lehman (1969), and Miotke and 
Palmer (1972) among others. Typically , it is a region of 
karst terrane characterized by sinkholes, caves, underground 
streams, springs, and a lack of well-developed surface 
drainage. The region is internationally famous for MalDlDoth 
Cave Na tional Park, beneath which winds more than 300 miles 
(483 kilometers) of expl~red, mapped passageways. 
More specifically, the study area is located within Logan 
and Simpson Counties, whose cOlDIDon border divides the study 
area into two nearly equal parts (Figure 1 and Plate 1). The 
study area is bounded on the north by Black Lick Creek and the 
Gasper River, on the east by the Brush and Sinking Creek 
drainages, on the south by the Spring Creek drainage, and on 
the west by the Mud River. The only surface streams which 
10 
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occur within the study area itself are Black Lick Creek and 
occasional intermittent streams. Topographic relief in the 
study area is mild with a maximum elevation of 928 feet (282.9 
meters) above mean sea level on pilot Knob and a minillum 
elevation of approximately 560 feet (170.7 meters) at the 
Gasper River Rise. Access to and throughout the study area is 
excellent with major state and county highways and numerous 
secondary roads cross ng the area. Kentucky State Highway 
68/80, which traverses the study area in an east-west 
direc tion, is currontly undergoing a transformation to a four 
lane, divided highway. When completed, the new highway will 
provide quick access to the study area for Russellville, 
Bowling Green, and traffic along the 1-65 corridor. The study 
area occupies an area of approximately 60 square miles (155 
square kilometers) and is represented on portions of the 
Auburn, Dennis, Homer, Rockfield, South Union, and Woodburn 
United States Geological Survey (USGS), 7.5 minute topographic 
and geologic quadrangles. 
The City of Auburn, with population of 1,273 (U.S. 
Census Bureau, 1990), and the Village of South Union represent 
the largest communities within the study area. Approximately 
18 miles (29 kilometers) to the east lies Bowling Green, 
south-central Kentucky's largest city, and 12 miles (19.3 
kilometers) to the west lies the City of Russellville. The 
City of Franklin, the county seat for Simpson County, is 
situated approximately four miles (6.4 kilometers) to the 
13 
southeallt. The populations of Auburn, South Union, and 
surroundinq areas derive their livelihood from an 
aqriculturally based economy . Most of the land is utilized 
for corn, tobacco, soybeans, and pasture . In addition to 
aqriculture , however, several small industries and shops 
thrive within Auburn while South Union attracts tourism with 
its well preserved, nineteenth century Shaker Villaqe. 
Climate 
The study area experiences a mild climate (Table 1) with 
~hort, moderately cold winters and hot, humid summer s. The 
reqion experiences an averaqe annual rainfall of 48.2 inches 
(122.4 centimeters) (U.S. Department of Aqriculture, 1975) 
with preci pitation beinq lowest durinq the months of Auqust, 
september, and October. Durinq 1990 and 1991 , the area 
experienced a mild drouqht resultinq in crop damaqe and 
threatened water suppl ies . 
Li thology and Geologi c Structure 
Rock units exposed within the study area consist of Late 
Mississippian limestones and sandstones (Fiqures 4 , 5) 
exhibitinq a reqional northeast-southwest strike and an 
averaqe dip of one-third to two deqrees towards the northwest. 
This mild dip is a ssociated with the reqion's position within 
TABLE 1: CLIMATE DATA FOR LOGAN COUNTY, KENTUCKY 
IDatA recorded at RusselivUle, LoSaJl County. Kcntucky~ (or period 1931 to 1960) 
-
Temper~ture 
Month Average Average 
daily daily 
maximum minimum 
'F 'F January ________ ___ ______ ___ 46 28 Febrully ___ ____ __ ___ _______ 49 29 
~orch _________ __ ___ ______ _ 
58 35 
~rU------ - --------------- 70 45 ay ________ _______________ 79 54 June _____ __ _______ _____ __ __ 88 63 July __________ . __ ______ ____ 91 66 
AUIUl\ ___ ___ - - - --- __ ------ 90 65 September __ ___ ___ __ ____ ___ 84 57 OCtober. _______ _______ .. ___ 73 46 November _____ . _. __________ 57 35 December _________ . ___ _____ 48 29 year __________________ 
69 46 
I Rough etUmatee, bued on .parse data. 
I Averap annual highest temperature. 
I Average annua110west temperature. 
Avera,o 
maximum 
'F 
68 
70 
77 
86 
91 
97 
99 
99 
96 
. 87 
77 
66 
' 101 
Average 
minimum 
. 
'F 
8 
9 
18 
29 
39 
48 
55 
52 
41 
29 
17 
11 
'2 
SOURCE: U.S. DEPARTMENT 'OF AGRICULTURE (UI71) 
Precipitation 
-
One renr in 10 will 
have : 
Average 
-total 
LM!s More 
than- thnn-
lredtl. ["du /flW' 
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the Illinois Basin or more specifically, along the eastern 
edge of the Moorman syncline (Krausse and Treworqy, 1979) 
(Figure 3). 
The oldest sedimentary unit exposed within the study area 
is the st. Louis Limestone which outcrops at a few locations 
a l ong Spring and Sinking Creeks. It is a light gray to tan 
and brown, thick bedded, sparsely fossiliferous limestone and 
shale characterized by the presence of rounded chert nodules 
(Rainey III , 1965). 
Above the st. Louis lies the ste. Genevieve Limestone 
which outcrops a long most of the southern and eastern portions 
of the study region (Figure 4). It is a medium to light grey 
to white or tan limestone, generally fossiliferous, sometimes 
thinly but usually thickly bedded, and lacking the rounded 
chert nodules typical of the lower st. Louis (Rainey III, 
1965). Like the st. Louis, it too is poorly exposed but can 
be observed in many of the deeper sinkholes or caves within 
the stu y region. The ste. Genevieve Limestone maintains a 
t h ckness of approximately 200 feet (61 meters) within the 
study area. 
The next youngest unit is the Girkin Formation which is 
exposed in the higher elevations and areas north of the City 
of Auburn (Figure 4). The Girkin Formation is described as a 
light to dark grey to yellowish grey, irregularly bedded, 
ledqy limestone, occasionally crossbedded, cherty, and 
argillaceous (Rainey III, 1965). The Gir kin is sometimes 
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interrupted by a thin sandstone unit located stratigraphically 
near its base and is distinquis hed ~rom the underlying Ste. 
Genevieve by the absence of the fossil Platycrinites, a 
crinoid. The Girki n Formation is well expos ed within the 
o~ten dry creek bad of Black Lick Creek downstream of the City 
of Auburn. 
Alluvium in the form of clay, silt, sand, and gravel can 
be found a long most of the major creek beds within the study 
area (Fiqure 4). In general, it is not very extensive and 
achieves a maximum thickness of about twenty feet (6.1 
meters) • 
with the exception of minor ~olding and crossbedding, the 
lithologic units exposed within the study area exhibit very 
little in the way of structure. One interesting feature, 
however, is the presence of lineaments. Exhibited on 
topographic maps in the form o~ aligned and elongated 
sinkholes, these lineaments extend for as much as a mile (1.6 
kilometers) and may be influenced by predominant j o int sets 
within the underlying bedrock (Quinlan, 1983). The most 
striking example of these lineaments is that which trends 
northwest from Black Lick Creek t owards the Gasper River for 
over one mile (1.6 kilometers). The only fault within ths 
study area is what appears to be a northeast-southwest 
trending normal fault indicated on the Woodburn Geologic 
Quadrangle. To the north o~ the study area however, and shown 
on the South Union Quadrangle, is an east-west trending series 
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ot tau1ts associated with the Rough Creek Fault Zone (Krausse 
and Treworgy, 1979) . 
Soils 
According to the Logan County Soil survey (U.S. 
Depart~ent of Agriculture, 1975) and the Simpson county Soil 
s urvey (U . S. Depa~ent ot Agriculture, 1985), soils withi n 
the study area are classitied into two general groups: the 
pe~roke-Bewleyville-Crider soil unit and the Vertrees-
Talbott-Fredonia soil unit (Figure 6). Both are described as 
deep, well drained, loamy soils with loamy to clayey subsoils. 
Pembroke-Bewleyville-crider soils are found mainly on broad, 
undulating plateaus whereas Vertrees-Talbott-Fredonia soils 
are more common on broad ridges a nd in rolling areas . Their 
main difference appears to be in the manner in which they have 
formed. The Vertrees-Talbott-Fredonia soils tend to be more 
clayey having formed in a residuum of limestone and shale 
whereas the Pembroke-Bewleyville-Crider soils formed in a 
residuum of limestone and in a silty mantle weathered from 
sandstone, limestone, a nd shale. 
Mineral Resources 
Limestone, oil, and natural gas constitute the only 
economical mineral resources found within the study area. The 
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only presently operating limestone quarry is that along 
Kentucky state Highway 68/80 in Warren county where Girkin 
Li.estone is being quarried for use as agricultural lime and 
crushed stone. Severftl abandoned quarries occur within t he 
study area including one just northeaet of Auburn and south of 
Black Lick Creek. oil a nd natural gas wells dot the landscape 
but few continue to pump today. Moot were drilled into the 
Salem a nd Warsaw Limestones of Late Mississippian age between 
1918 and 1962 (Rainey III, 1965). 
~round Water Resources 
Because of the study area's predominantly karst 
landscape, ground water occurs primarily as turbulent flow 
within subsurface conduits (caves) and discharges at springs 
upon reaching base level. Due to the low primary porosity of 
the limestones in the study area, ground water occurs mainly 
within solutionally enlarged openings. Because the locations 
of such openings are difficult to predict, drilled wells 
seldom yield enough water to supply more than two or three 
faDIil ies. Additionally, many of the area's residents complain 
of a sulphur taste i n thei r well water. For these reasons, 
the many springs in the area gain increased importance. 
Ground water is also available in two other settings, as 
perched water and as that found in alluvium. Perched water 
occurs in sOlie of the higher elevations underlain by the 
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Girkin Foraation and is perhaps controlled by a the occurr.nc. 
of a basal sandstone. This perched water table discharq •• at 
s .. ll springs whose outflow gen.rally sinks a short distance 
later upon reaching .ore perlll able strata. Al though so •• 
doaestic wella within the study area have utilized perched 
water in the past. both its occurrence and yield are suspected 
to be quite lilllited. 
CHAPTER III 
REVIEW OF PREVIOUS INVESTIGATIONS 
PERTINENT TO THE STt' DY AREA 
Althouqh a qreat deal of research pertaininq to karst has 
been performed within the Pennyroyal Sinkhole Plain of 
Kentucky, only a small portion of that has been conducted in 
the Auburn area. Instead, the majority has been centered 
around the Mammoth Cave reqion and to a lesser extent, the 
Lost River Ground Water Basin near Bowlinq Green. The fact 
that MaJllllloth Cave National Park contains not only a first 
class example of karst terrane but also the world's lonqest 
known cave system, makes it both an ideal and attractive site 
for conductinq research on karst and kar st processes. While 
the Mammoth Cave area is truly exceptional, it is unfortunate 
that more stUdies have not been conducted elsewhere. As 
demonstrated by the problems endured by the =ity of Bowlinq in 
the 1980's, and those currently beinq experienced by Auburn, 
urbanization of a karst landscape can often lead to serious 
consequences. 
Recoqnition of Auburn's water supply problems did not 
beqi n until recently . In response to concerns on both the 
state and federal requlatory level reqardinq the discharqe of 
wastewater effluent into Black Lick Creek by the City of 
23 
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Auburn, an envirolUlental consultinq firm, EMPE (Hutson, 1985), 
was contracted to conduct a hydrologic study of Black Lick 
Creek in 1985. Table 2 illustrates discharqe measured by EMPE 
on Black Lick Creek and at Auburn and Summers Sprinqs from 
1985-1987. It i s interestinq to note tha on two occasions 
(June 5, 1985 and June 21, 1985), the combined discharqe of 
Auburn and Summers sprinqs was qreater than that measured at 
the Hiqhway 68/80 Bridqe, a point just downstream of their 
confluence. There are four possible explanations for this : 1) 
a portion of the water emerqinq at Summers sprinq may sink and 
then traval underqround throuqh a submerqed conduit to resurqe 
at Auburn Sprinq, therafore in effect beinq measured twice; 2) 
a portion of the water is beinq pirated into the Gasper River 
Ground Water Basin from a point or points downstream of the 
measurinq locations ~,t Auburn or Summers Sprinqs; 3) both of 
these situations are occurrinq; or 4) error were made durinq 
the measurement process. Discharqe values recorded at the 
H' qhway 73 bridqe, approximately five miles (8.1 kilometers) 
downstream of the confluence, are much smaller and reflect the 
partial or complete loss of Black Lick Creek water to an 
underqround conduit via Black Lick Swallet. 
Fiqure 7 illustrates the relationship between staqe 
heiqht and discharqe as measured by EMPE at a temporary, 
rectanqular weir constructed on Black Lick Creek at the 
Kentucky State Hiqhway 68/80 bridqe, just upstream of the 
City's wastewater treatment plant. The plot of this 
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TABLE 2 
~ISCHARGE ALONG BLACK LICK CREEK IN CFS (EMPE, 1987) 
DATE HIGHWAY HIGHWAY AUI>UBN SUMMERS 
!ill IlBltl!it; n 1lB1DGt; ~~BltIG ~PR1NG 
6/5/85 9.3 3.5 5.9 4.1 
6/21/85 6.9 2.9 4.3 3.3 
7/15/85 3.0 0.2 
8/30/85 2.0 1.0 0.9 
relationship is known as a rating curve and in this case, is 
limited to discharges less than 10.5 cfs (0.3 ems), due to 
limitations imposed by the weir itself. Slightly greater 
discharges, up to 15 cfs (0.4 ems), can be estimated by 
assuming that the curve would maintain its configuration at 
higher stage heights. Figure 8 illustrates annual discharge, 
determined with the rating c rve, in Black Lick Creek as 
measured daily over a 20 month period. As can be seen in the 
fiqure, Black Lick Creek generally maintains its lowest flow 
from August to mid-October. During these months, discharge in 
Black Lick Creek can be assumed to average approximately two 
cfs (0.1 ems), a discharge insufficient for proper dilution of 
the City's treated wastewater effluent. Black Lick Creek also 
appears to maintain its greatest flow between November and 
ANNUAL DISCHARGE, BLACK LICK CREEK 
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March, months which qenerally receive the qreatest amount of 
precipitation. Althouqh the hiqhest recorded discharqe durinq 
this period was only on the order of 16 cfs (0.5 CDS) , this is 
due to the fact that at hiqher discharqe rates, the weir was 
under water thereby preventinq measurement. 
As a preliminary investiqation to the solution of 
Auburn's water problems, Villa (1990) performed a limited 
hydroqeoloqic study of the Auburn area includinq four dye 
traces and numerous well measurements. Whi le the study was 
limited in extent, it did provide insiqht to the complexity of 
the area's hydroqeoloqy and the urqency of the City's 
problems. Villa's (1990) study establ ished the hydroloqic 
connection between Black Lick Creek (and therefore the city's 
treated wastewater effluent) and the Gasper River Rise, a 
sprinq previously under consideration by the City of Auburn as 
a potential water source. Some of Villa's (1990) well data 
were utilized for this investiqation. 
Ground water flow in areas to the east of the study area 
has been investiqated by western Kentucky University's (WKU) 
Cent er for Cave and Karst Studies. Besides those studies 
conducted within the Lost River Ground Water Basin itself 
(whose southwestern boundary lies within approximately two 
miles (three kilometers) of the study area), numerous dye 
traces have also been performed to other area sprinqs. Able 
(1984) conducted two dye traces from points on the Rockfield 
and Woodburn Quadranqles to ClOUd and Steenburqer Sprinqs and 
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later (Able, 1985), from Petros Swallet to York spring. Hill 
and Lopez (1985) traced Hobner Swallet to Clear Fork spring, 
House Cave to Finney Spring, and Hawkins Swallet to 
Steenburger Spring. Frauenfelder and Smith (1985) conducted 
two dye traces from injection points on the Woodburn 
Quadrangle. The first, with dye injection at the Goldfish 
Window (referred to a s KW-49 in this investigation), yielded 
limited results but indicated subsurface drainage to be 
t.owards the northwest. The second trace demonstrated a 
connection between Dickerson Cave and a well located only a 
short distance away and on the same property. Butoryak and 
Lassaline (1986) e laborated on the work of Hill and Lopez 
(1985) by conducting additional dye traces in the Clear Fork 
Creek area. The first established a hydrologic connection 
between Finney Spring and Clear Fork spr ing. Dye injected 
into a stream within Drab Cave travelled not only to Finney 
Spring but also to Indian Cave and Clear Fork Spring. Two 
other traces, performed under lower discharge conditions, 
established a hydrologic connection between Dickerson Cave, 
McCurry Cave, House Cave, Strickler Window, Drab Cave, Indian 
Cave, and Finney Spring but not Cle ' .r Fork Spring. From these 
results, Butoryak and Lassaline hypothesized that Clear Fork 
Spring acts as an overflow route for Finney Spring during high 
discharge conditions. Figure 9 illustrates the results of the 
dye traces described above. 
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The hydrogeology ot the region to the south ot the study 
area is less understood. CUbbage (1981) conducted several dye 
traces to the rise ot the Sinking Creek System near Middleton 
which discharges into the Red River. Crawtord (1985a) 
investigated ground water tlow in the Sinking Creek Drainage 
north ot Franklin (not to be contused with the Sinking Creek 
system investigated by CUbbage (1981», measuring numerous 
wel l s and conducting several dye traces. 
Ground water tlow in the region to the north and 
northwest of the study area has been investigated in detail by 
Quinlan (1983), Ewers (1983), and Mull (1992). These stUdies 
have all centered around ground water tlow in the vicinity ot 
the Caldwell Lace Leather Company superfund (CERCLA, 1980) 
Site on Cemetery Road, northwest ot the City. The site 
consists of two separate areas where tannery waste was 
released into the environment via solid waste disposal and 
landfarming of potentially hazardous sludge. Concerns as to 
the impact of this waste on soil and ground water quality, and 
its potential impact on public health, prompted the 
investigations mentioned above. Dye traces conducted trom 
points located around the ' two sites established hydrologic 
connections to the Mud River spring, the Gasper River Rise, 
and Mossy Spring. Fortunately, no dye was detected at Auburn 
Spring. 
Able (1986) studied the karstitication ot the Pennyroyal 
Plain in the Auburn-South Union area. He concluded that the 
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localized perchinq of area streams (such as Black Lick and 
Brush Creeks) is not so lIIuch due to the presence of so.e 
i.pervious layer, but instead, t o clastic sediments alonq the 
stream bed which insulate the underlyinq, soluble limestone 
from the chemically aqqressive creek water . He also concluded 
that karst development in the Pennyroyal is related to three 
main factors: a) distance from the Biq Clifty Sandstone 
caprock; b) presence of litholoqically resistant units; and c) 
qeoloqical controllinq factors in the subsurface, different 
from those encountered on the surface. 
Several other sources of information are available. The 
U.S.G.S. maintains a datafile on sprinqs and wells, by 
quadranqle, within the Auburn area but it is fairly limited in 
extent. Also contained within these files are references to 
dye traces performed in each quadranqle. Table 3 lists well, 
sprinq, and dye trace records contained within USGS files for 
the Auburn, South Union, and Woodburn Quadranqles. Another 
datafile is maintained by the Western Kentucky Speleoloqical 
Society which has been compilinq information on caves and 
karst within the western part of the state, includinq Loqan 
County, since 1978. Included in the society's second annual 
report (Mylroie, 1979) are a map and short description of 
Gorham Cave throuqh which flows much of the discharqe of the 
Mud River Sprinq. Likewise, the Central Kentucky Cave survey 
(CKCS) has been performinq a similar task and maintains an 
active, thouqh limited, map file of caves within the study 
Record 
Number 
SPRINGS 
t3728 
13729 
10787 
10803 
10780 
13647 
13649 
13650 
WATER WELLS 
101M 
10800 
10783 
10784 
10765 
Noles: 
Latlludal 
Longltud. 
36'53'58" 
86°44'17-
36°54"9-
86°44"4-
36'55'26" 
86'38'28" 
36'54'20" 
86°«" 0. 
36'51'42" 
86'42'32" 
36'45'40" 
86'33'35" 
36' 45'11" 
86'33'08" 
36°45'34" 
86'33' 18" 
36'56'14" 
86'44'07" 
36'54'37" 
86'39'29" 
36'45'36" 
86°44'32" 
36'47'40" 
86°44'24" 
36'52'19" 
86°4"4'. 
Tabl.3 
Spring, Well, & Dye Injections 
USGS Datafiles 
Page 1 012 
USGS County Elevation 
Ouadr:lngle (It., MSL) 
South Logan 610 
Union 
South Logan 589 
Union 
South Logan 
Union 
South Logan 
Union 
Auburn Logan 
Woodburn Simpson 580 
Woodburn Simpson 590 
Woodburn Simpson 670 
South Logan 
Union 
South Logan 
Union 
Auburn Logan 
Auburn Logan 
Auburn Logan 
1) ROEWO - Ralph 0 , Ewers Water Consultants Inc, 
2) USGS - United Stales Geological Survey 
Source Comments 
ROEWCI 
ROEWCI 
USGS Flnnoy Spring 
Glrkin Frrnln. 
USGS Gasp.r RI •• r 
Rise 
USGS Auburn Spring 
St • . Gen. Lm. 
CCKS 
CCKS 
CCKS 
USGS Domestic Use 
DearmondlLtSI. 
USGS St •. Gen. Lm. 
Ez.,lNVyaU 
USGS Eocene 
Domestic Use 
USGS St • . G.n. Lm. 
Domestic Use 
USGS Domestic Us. 
Hail , David 
3) CCKS - Center for Cave and Karst Studies, Western Kentucky University 
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area. Aa ot 1992, the eKCS til.s indicated a total ot eight 
caves within the study area. In 1988, the Central Kentucky 
Cave Survey published its second bulletin which included a aap 
and short description ot the Stanley-Wilson Cave System (Oyas 
and Forsythe, 1988), the main conduit teeding water to Auburn 
Spring (Figure 10). 
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FIGURE 10: THE STANLEY - WILSON CAVE SYSTEII! 
SOURCE: OYAS ANO FORSYTHE (1 .... , 
CHAPTER IV 
RESEARCH METH'JDOLOGY 
To .eet the qoals 
methodoloqy was _ployed. 
six components: 
1) Well survey; 
of this research, the followinq 
This methodoloqy is subdivided into 
2) Karst hydroqeoloqic inventory; 
3) e tracinq; 
4) Construction and maintenance of water monitorinq 
stations at Auburn, Summers, and Shakertown 
Sprinqs; 
5) Discharqe measur8lllents; and 
6) Construction of a potentiometric map of the 
uppermost aquifer depic tinq water table contours, 
basin boundaries, and subsurface flow paths 
The first three components of this research approach were 
desiqned to provide the information necessary for water table 
contourinq and delineation of the individual qround wate r 
basins and their qeneralized, subsurface flow routes. The 
next two components, however, were desiqned to provide the 
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data necessary for estimation of the amount of water available 
at the three aprinqa. The combined informat ion qained f rom 
these componenta would provide the means to achieve the final 
objective of constructinq the qround 'llater potentiometric map. 
This map would then s erve two purposes: 1) to qraphically 
display the results of this investiqation: and 2) to serve as 
a future reference for the City of Auburn for use in 
protectinq its qround water resources. 
bll Survey 
An inventory of water wells within the study area was 
conducted between september, 1990 and November, 1991. The 
purpose of this inventory was to determine the position of the 
potentiometric surface for use in delineatinq qround water 
basin boundaries. By comparinq water levels in different 
wells in a qiven area, qround water divides and qeneral flow 
directions can be inferred. While this information cannot be 
used alone in delineatinq qround water flow over a larqe area, 
when used in combination with dye tracinq, it can be extremely 
i nformative. This methodoloqy has been successfully employed 
by many researchers in the Pennyroyal Sinkhole Plain includinq 
Quinlan and Ray (1981), Lambert (1976), and Crawford (1985b). 
Because of the limited number of wells identified by the 
USGS in their datafile (Table 3), a door to door survey was 
conducted to locate additional water wells. This involved 
talking to more than two-hundred landowners. 
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All types ot 
water wells were considered: drilled, hand dug, abandoned, and 
tho.e currently in use. Once located , a well was measured and 
inquiries made as to the use ot the water, its quality, and 
construction of the well. Two types of measurements were 
made, the depth to the water surface and the total depth ot 
the well. Measurements of the depth to water were conducted 
using an electric water level indicator. The water level 
indicator consists of a spool of cable, graduated in feet, 
with a probe a ttached to one end which when lowered down a 
well, emits an electronic signal upon touching the water 
surface. The total depth ot the well was measured using a 
weighted, tiberglass tape. By making both measurements, 
surpri sing or suspect water elevations, such as might be 
observed in perched water conditions, could be further 
verified through comparison of the observed water level with 
the stratigraphic position of the well itself. 
All well measurements were converted to elevations in 
feet above mean sea level (MSL) by estimating the elevation of 
the measuring point through use ot a lO-foot contour, 
topoqraphic map. Once converted to teet above MSL, water 
table elevations could be contoured across the study area. It 
is estimated that the accuracy ot those elevations, in feet 
above MSL, is plus or minus three feet (0.9 meters). While 
the true minimum amount of error which can be obtained using 
a lO-toot contour map is in reality, ten teet (3 meters), a 
....... ----------------------------~j 
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more precise estimate can be obtained in the tield in moat 
cases. Each well wa s assi gned a designated reterence number , 
beginning with the letter "W". Well measurements were not 
conducted atter periods of rain due to the rapid tluctuations 
ot water levels in karst terranes atter precip i tation events. 
During this investigation, no well measurements were conducted 
within three days of a significant precipitation event or when 
spring discharges were otherwise observed to be greater than 
average . For this reason , very few wells were measured during 
the early months of 1991 when the region experienced a peri od 
of heavy rains. 
Although every attempt was made to make the well survey 
as complete a s possible, a number of problema became apparent: 
1) an owner or resident could not be found at home or 
otherwise located, despite repeated attempts; 2) an 
owner/resident would refuse access to and/or information about 
their well; or 3) access to the well could not be gained due 
to physical limitations, i.e. the well being buried, the pump 
positioned over the well, e t c . 
Karst Hydrogeologic Inyentory 
To gain further information regarding the potentiometric 
surface and to identify subsurtace tlow routes, a karst 
hydrogeologic inventory was conducted . Performed in 
conjunction with the well survey , the karst hydrogeologic 
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inventory eerved to locate all significant karst features such 
as caves, karst windows, springs , and sinking streams 
(swallets). As was done during the well survey, an 
identification number was assigned to each feature, beginning 
with the fo l lowing letters: "e" for caves, "KW" for karst 
windows, "SP" for springs, and "SW" for swallets. 
When applicable, the water surface elevation in feet 
above MSL was estimated for each karst feature by using the 
same method utilized for well measurements. In general, the 
accuracy of these estimates, particularly in the case of cave 
streams and karst windows, is not as great for the following 
reasons: 1) the sinkholes in which these features are located 
were often deeper than indicated on the topographic maps or 
not shown at all; 2) for very deep sinkholes, the total depth 
was often difficult to assess due to excessive vegetation or 
an otherwi se restricted view; and 3) the elevations of cave 
streams were difficult to estimate due to their location some 
distance from the entrance. Nevertheless, a precision of plus 
or minus 5 feet (1.5 meters) is estimated. 
pye Trac ing 
Dye tracing techniques are recognized as a valuable tool 
available to the karst hydrologist. Speleologists have an 
advantage over traditional hydrogeologists in that they are 
able to d i rectly explore the aquifer via caves . However, the 
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information which can be gained from cave exploration is 
limited due to the sparsity of accessible caves. Also, it is 
rarely possible to follow a cave system from the headwaters of 
the karst basin to its spring. Dye tracing makes it possible 
for the karst hydroloqist to dete1mine the ground water flow 
routes through that portion of an aquifer not accessible to 
cave explorers. 
As sUIDIDarized by Aley and Fletcher (1976), water tracing 
techniques are not a recent technoloqy. Tracers which have 
been experimented with include whey, chaff, computer dots, 
yeast, and bacteriophage. Most current researchers, however, 
have taken advantage of the readily available, easily 
detectable, and relatively inexpensive, fluorescent dyes 
obtainable on the market since the early 1970's. 
Table 4 (Mull, et. aI., 1988) illustrates the most 
cOlDIDonly used dyes and their corresponding characteristics. 
The most important characteristics of any dye are low 
toxicity, ease of detection, absence from the natural 
environment, low adsorption onto clay particles, and 
availability and cost. Fluorescein (Color Index: Acid Yellow 
73) is probably the most popular dye due to its relatively low 
cost, reliability, and ease of detection. However, 
fluorescein's characteristic brilliant green color can cause 
problems if too great a quantity is used. It is relatively 
easy to turn a water supply spring bright green by adding too 
much fluorescein at an input point within that spring's 
TABLE 4: CHARACTERISTICS OF COMMONLY USED DYES 
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catchment basin. 
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For that reason, optical brighteners are 
often used as tracers in studies where a public water supply 
might be impacted. Invisible except under. ultraviolet light, 
optical brighteners are both cheap and easily detectable. 
Unfortunately, the use of optical brighteners is sometimes 
limited because of high background concentrations in natural 
waters due to contamination from household bleaches and 
cleansers. Rhodamine WT (Color Index: Acid Red 388) is an 
excellent tracer for quantitative traces but poor for 
qualitative ones because of the difficulty in its detection 
when present in low concentrations. Direct Yellow 96 
(Diphenyl Brilliant Flavine 7GFF) dye is rarely used because 
of its higher cost and greater quantity needed. 
is not unusual to utilize Direct Yellow 96 
involving three or four simultaneous traces. 
However, it 
in studies 
Because ground water tracers are commonly employed in 
areas where there is some chance of that dye entering a 
residential well or public water supply spring, the toxicity 
of the tracer employed is an important consideration, 
especially if a large quantity of dye is to be used. Smart 
(1984) performed an evaluation of some commonly used water 
tracing agents including three of the four dyes described in 
the preceding paragraph. Smart concluded that fluorescein and 
Rhodamine WT dyes demonstrate minimal carcinogenic and 
mutagenic hazard to the natural environment. He further 
concluded that for Direct Yellow 96 and other dyes (¥ith the 
exception of carcinogenic Rhodamine B) , 
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persistent 
concentrations should not cause problems provided that they 
remain below 100 parts per billion (ppb). The toxicity of 
optical brighteners was reviewed by AJtamatsu and Matsuo (1973) 
who concluded that brighteners pose no ~oxic hazard to human 
beings, at any concentration. 
Dye tracing techniques have been well documented in the 
literatur e: Atkinson, et al. (1973), Aley and Fletcher (1976), 
Sma rt (1977), and Davis et al. (1985). While it is not within 
the purposes of this document to reiterate these techniques, 
for completeness, a short summary of standard dye tracing 
methods is included. Dye traces can be divided into two 
categories, qualitative, and quantitative. The aim of 
qualitative traces is to establish flow routes between 
injection points (a swallet, for example), intermediate points 
(such as a cave), and discharge points (springs). Little if 
any information regarding the characteristics of the aquifer 
or ground water f low can be determined. Quantitative traces, 
on the other hand, are usually performed between points of 
known input and output so as to gain more detailed knowledge 
on the structure of the karst ground water system. 
For the purposes of this study, fluorescein, optical 
brightener, and Rhodamine WT dyes were employed in both 
qualitative and quantitative traces. Because of the 
difficulty in differentiating between optical brightener and 
Direct Yellow 96 at the same output point, Direct Yellow 96 
dye was not utilized ror this investigation. 
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Prior to dye 
injection, background dye receptors were emplaced at all 
spril"g, cave stream, and karst window locations that were 
geoloqically and hydroloqically reasible ror the dye to reach. 
For some traces, this included over rirty receptor locations. 
These receptors were lert in the rield ror approximately one 
week, replaced, and analyzed. The purpose or employing 
background receptors is to ensure that dye or substances which 
may act like dye are not within the system, possibly yielding 
false positive results. 
Once the background receptors were replaced with rresh 
ones and analyzed, dye was injected. The quantity of dye 
needed for any individual trace is dependent on the expected 
lenqth of the trace and discharge conditions. various 
equations have been developed (Aley and Fletcher, 1976; 
Quinlan, 1987) for the optimUDI amount of dye which should be 
utilized given specific conditions. For this investigation 
however, 
following 
the quantity of dye used was estimated using the 
"rules of thumb": 
approxillately four pounds (1.8 
For optical brightener, 
kiloqrams) per mile ( 1. 6 
kilometers) were utilized. While at least one researcher has 
claimed that two pounds (0.9 kiloqrams) per mile (1.6 
kilometers) are sufficient (Quinlan, 1987), Crawford (1989) 
has round rour pounds (1. 8 kiloqrams) more likely to yield 
positive results which are well above background levels . 
Rhodamine WT was rarely used in this inVestigation but when it 
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was, it was utilized in quantities of approximately two pound. 
(0.9 kilograma) per mile (1.6 ki l ometers). Fluorescei n was 
used in quantities of one-half to one pound (0.2-0.5 
kilograms) per mile (1.6 kilometers). Generally, l ess 
fluorescoin was used in h i gher discharge condi tions. 
Prior to injection , powdered dyes (fluorescein or optical 
brightener) were mixed with water. Mixing usually was 
performed in a 5-gallon (19 liter) bucket and injected 
directly into the water at the dye i nput point. In two cases, 
dye was injected into the ground and then flushed with 
approximately 375 gallons (1,420 liters) of water. This 
flushing was perf ormed at dye i njection sites , consisting of 
a sinkhole and a hand dug well, where it was felt that an 
increased hydraulic head would bet ter force the dye into the 
ground water system. 
Dye detection can be performed in three ways: 1) 
visually, 2) with passive receptors, or 3) by collection with 
an automatic water sampler followed by laboratory analysis for 
fluorescence . Visual detection, although simple in concept, 
is rarely desirable due to the large quantity and, hence, the 
high cost of dye required, as well as the need for the 
observer to be at t he spring at the correct time. 
Additionally, there is the risk of turning someone's water 
supply, stock water, or backyard stream an undesirable color. 
Passive dye receptors, more commonly referred to as "bugs", 
are the means more commonly employed. Depending on the type 
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of dye to be detected, a receptor consists of a packet of 
activated coconut charcoal (into which fluorescein and 
Rhodamine W'l' can be absorbed) or unbleached cotton into which 
optical briqhtener and Direc t Yellow 96 are easily absorbed. 
These receptors are then secured underwater at the sprinq or 
points in question, left for approximately one week, replaced 
with fresh receptors, and analyzed in the laboratory. In 
quantitative traces, very lit tle dye is required and water 
samples are collected at timed intervals usinq an automatic 
water sample r. Because of the limited number of water 
samplers usually available, quantitative traces are qenerally 
performed only in cases where the dye output point can be 
predicted with reasonable certainty. 
In the case of qualitative traces involvinq the use of 
fluorescein, dye receptors are brouqht back to a laboratory, 
thor ouqhly rinsed with water, and the charcoal emptied into 
clear, clean gl ass containers. An eluent solution consistinq 
of potassium hydroxide and isopropyl alcohol is then added to 
the charcoal, completely ilDlllersinq it. The green dye, if 
present, will then be eluted from the charcoal and become 
visible to the unaided eye. Fluorescein dye concentrations as 
low as one part per billion (ppb) can be detected in this 
manner if aided by a briqht beam of liqht. Analysis of 
charcoal receptors for Rhodamine W'l' is accomplished in a 
similar manner except that the eluent consists 
hydroxide, l-propanol , and distilled water, 
of aJDIIIonia 
a solution 
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co .. only referred to as Smart Solution (Smart, 1972). 
Rhodamine WT is poorly detected in this manner except in 
concentrations that would be visible to the unai ded eye at the 
spring itself. For this r e ason, Rhodamine WT is rarel y used 
for qual itative traces unless a fluorometer or 
spectrofluorophotometer is available for elutant analysis. 
cotton dye receptors are analyzed by first rinsing them 
with tap water to cleanse them of dirt and organics. Once 
c lean, the cotton is placed .under ultraviolet l ight and 
observed for the brilliant, blue-white appearance of optical 
bri9~tener. Although this procedure is straightforward, it is 
often difficult t decide whether the receptor is positive or 
negative. streaking, dull fluorescence, and poorly preserved 
cotton can all interfere in the decision making process. In 
cases such as these, comparison with background receptors or 
fresh cotton are the only options. Although it is often 
tempting to call a receptor "positive" based on somewhat 
streaky results, a receptor was not label led as such unless it 
was clearly so . 
Water samples collected by an automatic water sampler in 
quantitative traces are easily analyzed using a fluorometer or 
spectrofluorophotometer. Buth instruments are relatively easy 
to use though a spectrofluorophotometer, which assures a 
greater accuracy, is also four to five times as costly. Both 
instruments work by detecting the fluor escence given off by an 
individua l water sample, which when compared to known 
so 
standards, can be converted directly to dye concentration. 
This concentration when plotted over time, yields a dye 
breakthrouqh curvo which reveals not only the time of dye 
arrival but information reqardinq aquifer and discharqe 
characteristics such as conduit volume and flow velocity. 
construction and operation of Water Monitoring stations 
water monitorinq stations were constructed on the outflow 
of Auburn, Summers, and Shakertown sprinqs for the purpose of 
continuous monitorinq of staqe heiqht at each of the three 
sprinqs. The monitorinq stations consisted of six main 
components: a staff qauqe, recorder, clock, a weiqht which 
drives the clock, a float , and a stillinq well. The staff 
qauqe consisted of a vertical measurinq stick, qraduated in 
feet and tenths of feet, and emplaced within the stream such 
that a relative water depth could be visually obtained. The 
stillinq well, constructed of corruqated steel pipe, was also 
vertically emplaced within the stream and seep holes drilled 
within its base to allow water to enter within. chanqes in 
water level (staqe) cause a float within the well to move up 
and down. The float is attached to a pulley which is 
connected to the recorder. For this investiqation, the 
recorder was a Stevens Type F model equipped with a clock that 
moves an ink pen across chart paper attached to a rotatinq 
drum. Chanqes in water level are recorded by the pen upon the 
chart paper attached to the rotating drum. 
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with proper 
operation, the chart paper requires replaceme t once a month. 
Discharge Measurements 
stream discharge measurements were taken at Auburn, 
SUlIIlIIers, and Shakertown springs using a Price AA CUrrent 
Ueter. Measurements were made at points within the stream 
channels which were observed to exhibit steady and 
unobstructed flow. Discharge measurements and corresponding 
stage height (from the staff gauge) were conducted at varying 
discharge and used for the construction of rating curves 
similar to that shown in Figure 7, for each of the three 
springs. On one occasion, discharge was also measured at the 
Highway 68/80 bridge for comparison with the combined 
discharge measured at Auburn and SUlIIlIIers Springs on the same 
day. 
construction of a Potentiometric Surface Map 
Using information obtained from the well survey, karst 
hydrogeologic inventory, and dye trace results, a 
potentiometric map of the water table was constructed. Using 
topographic maps as a base map, each well, spring, and karat 
window located was plotted along with its identification 
number. Then, with consideration of ground surface 
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elevations, topographic expression, and known flow routes as 
established from dye tracinq, contourinq of the water table 
surface was possible. Once contours were constructed, qround 
water basin boundaries were delimited. The accuracy of the 
qround water contours and therefore the basin boundaries, is 
limited by both the accuracy of the individual data points as 
well as their distribution. In areas where there are little 
or no data, a lesser deqree of accuracy can be expected. For 
the purposes of thi s investiqation however, the potentiometric 
surface map was intended to provide a qeneralized overview of 
the Auburn area karst qround water systems. 
CHAPTER V 
RESULTS AND DISCUSSION 
Summary of Field ActiYities 
Fiel d work for this investiqati on was conducted over a 
period of fifteen months durinq which 160 we lls were 
ide~tified and measured, 32 sprinqs located, 70 karst windows 
identified, eiqht swallets located, and 29 coves found. In 
addition, 25 dye traces were conducted and discharqe 
measurements performed on twelve different occasions 
downstreOlll of Auburn, Summers, and Shakertown Sprinqs. Staqe 
heiqht on the three sprinqs was monitored continuously, except 
durinq times of mechanical interruption, in 1991 and 1992. 
Each of these activities is described in more detail below. 
Results of the Well Suryey 
One hundred sixty wells were identified durinq the well 
survey portion of this study. Of these, only 34 were in use 
at the time of the survey. Of those in use, 22 were utilized 
for drinkinq water purposes and the remainder for livestock or 
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other purposes. The majority (132) ot the wells identitied 
were drilled while a much smaller number (28), were hand dug . 
Only seven ot the hand dug wells were in use. 
The wells identitied within the survey most likely 
comprise the majority, although not the entire number, ot 
wells within the study area . Since the main purpose ot the 
survey was to gain intormation regarding the potentiometric 
surface, most of the wells to which access could not be gained 
are ot included. 
Many present and past well water users reported problems 
with water quality. This is no doubt due to a number of 
possible causes including land use practices, geology, and 
well construction. The majority of the drilled wells examined 
were cased with steel from the surface to the regolith-bedrock 
interface only. With the remai nder of the well consisting of 
an open borehole, it is quite easy for surface contamination 
to enter the well. Ma~y of the residents who were surveyed 
reported their well water becoming muddy after heavy rain 
events. This is most likely the result of their uncased well 
intercepting a conduit recharged by a sinkhole or other 
surface input. Moreover, the average well rarely exceeded a 
depth of 100 feet (30.4 meter s), or in the case of hand dug 
wells, even thirty feet (9.1 meters). The shallow nature of 
these wells increases the likelihood of contamination. 
Apparently however, shallow well placements were necessary 
throughout much of the study area due to the presence of 
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"sulphur water" at greater depths. This is particularly true 
near the Village ot South Union where many residents reported 
drinking "sulphur water" from their wells. 
From the results ot the well survey, it was concluded 
that only ve ry taw ot the residents living within ·the study 
area depend on well water tor their water needs. The City ot 
Auburn provides treated water for all residents living within 
one mile (1.61 kilometers) of the City center (Resident, 
1991). It is likely that more residents will abandon their 
private wells in favor of "city water" as Auburn's water lines 
cover a greater area in the future. The results of the well 
survey are included as Table 5 and illustrated on Plate 1. 
Results of the Karst Hydrogeologic Inyentory 
The karst hydrogeologic inventory was conducted 
simultaneously with the well survey and yielded a total of 131 
significant karst features including springs, caves, karst 
windows, and swallets. In addition to Auburn, Summers, and 
Shakertown springs, 29 other springs were located within the 
study area. These were classified into a combination of three 
different categories: karst springs, perched water table 
springs, and diffuse flow springs. The majority of the 
springs are classified as karst springs and are in general, 
quite small. Two exceptions are the Gasper River Rise (SP-26) 
and the Mud River Spring (SP-31) (Table 6 and Plate 1). The 
Record Laliludel 
Number Longitude 
10786 36'45'14" 
86'38'33" 
11625 36'49'00" 
86'44'43" 
12255 36'46' 16" 
86'37'48" 
12258 36'50'20" 
86°38'17-
12251 36'36'36" 
86'33' ,." 
12483 36'50'22" 
e6'32'17" 
12485 36°5,"3-
86°31 '01. 
Table 3 
Spring, Well , & Dve Injee.ions 
USGS Da.allles 
Page 2 012 
USGS County Elevation 
Ouadran, le (II " MSL) 
Auburn Logan 
Auburn Monroe 
Auburn Simpson 
Auburn Simpson 
Woodburn Simpson 
Woodburn Warren 
Woodburn Warten 
DYE INJECTIONS 
13730 38'52'31 " Soulh Logan 711 
86'44'46" Union 
13738 36'52'20" Auburn Logan 720 
86°44'49-
13739 36'52'19" Auburn Logan 720 
86' 44'39" 
13646 36'45'38" Woodburn Simpson 658 
86'33'56' 
Notes: 1) ROEWO = Ralph 0, Ewer.! Water Consultants Inc. 
2) USGS = United Slates Geological Survey 
Source Comments 
USGS Domestic Use 
Pogue, Gordon 
USGS DomeS1lc Use 
Haves, Jack 
USGS U. Cretaceous 
Smilh, Weslev 
USGS Warsaw 
DomOS1Ic Use 
USGS Fort Payne 
DomOS1Ic Use 
USGS DomOS1lc Use 
Kirby, M,J 
USGS Domestic Use 
Hollins, Herben 
ROEWCI 
ROEWCI 
ROEWCI 
CCKS 
3) CCKS E Center for Cave and Karst Studies, Western Kentucky University 
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Gasper River Rise (SP-26) drains the combined d i scharge ot 
both the Auburn and Summers springs Ground Water Basins and 
lIIllintains an est imated, average basetlow discharge of 5-10 cts 
(0.1-0.3 ems). The Mud River spring (SP-3l) is util i zed as a 
wa~er supply tor a public swimmi ng pool and i s believed to be 
smaller than the Gasper River Rise. Other notable springs 
(Table 6 and Plate 1) include Clear Fork Rise (SP-12), Sinking 
Creek Spring (SP-27), SP-30 (un-named), and Finney Spring (SP-
32), each possessing an estimated, average discharge of three 
to five cfs (0.08-0.1 ems). Although many of these springs 
are utilized f or stock, none, with the exception of Auburn 
Spring, are currently used as drinking water supplies. 
Perched water table springs are common within the study 
area and are located in places where ground water has become 
elevated above the true water table by less permeable strata. 
Typically, these spr ings are located in higher elevations and 
are present under either one of two geoloqic settings. The 
f i rst type of perched springs are those present at the base of 
the Big Clifty Sandstone. Water is perched within this 
sandstone unit by thin, less permeable , shaly strata often 
present a t the unit·s base. Water drains from the perched 
aquifer at springs to tlow as streams which typically sink 
upon crossing onto the underlying, more permeable limes tones. 
These springs are, in general, very small and usually have a 
flow of less than one cfs (0 . 03 ems). This type of spring can 
be seen along the east- west trending ridge northwest of 
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Auburn, and during wet periods, along pilot Knob. 
The second condition under which perched springs occur is 
when ~ less permeable unit, possibly sandstone, occur s near 
the base of the Gir kin Formation. Discharge at such s prings 
is generally less than one cfs (0.03 cms), and during the 
summer, many cease to flow altogether. Sprin s SP-3, SP- 16, 
SP-22, and SP-23 are all examples of this type of perched 
water table spring (Table 6 and Plate 1). 
Diffuse flow springs represent the discharga of ground 
water along a fracture in an otherwise homogeneous, isotropic 
aquifer. Karst limestone, which is seldom homogeneous, 
therefore rarely contains springs of this nature. In the 
Pennyroyal Sinkhole Plain, diffuse flow springs are rare, 
although some have been i dentified. Quinlan and Ewers (1989) 
report the presence of a diffuse flow spri ng adjacent to 
Graham Spring. Located near Bowling Green, it is one of 
Kent ucky's largest karst springs. None of the limestone 
springs located within the study can be classified as diffuse 
flow springs. The aforementioned perched springs at the base 
of the Big Clifty Sandstone, however, can be classified as 
diffuse flow springs. 
Many springs within the study area are intermittent in 
nature. That is, they do not flow year round. Some, 
depending on their outflow, can be classified as karst windOWS 
and sometimes, as penetrable caves. A good example of this 
kind of spring is SP- 20 (Table 6 and Plate 1). During most of 
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the year, spring SP-20 functions as a karst s pring wi th a 
discharge of three to five cfs (0.08-0.1 ems). In t he Summer 
months however, as water levels drop, the s pring stops 
flowing, becomes a pool, and eventua lly , an open, explor able 
cave. Tabl e 6 lists a ll springs identified i n the Karst 
Hydrogeologic Inventory. 
Seventy karst windows were located within the study area. 
The shallow water table i s visible in most o f the deeper 
sinkholes of the region. About half of t he karst windows can 
be described as "blueholes" , placid pools of water with little 
or no observable flow . The remainder contain clear flowing 
streams . Many, such as KW-16, KW-17, KW-29 , a nd KW-30 (Table 
7 a nd Plate 1) contain water only intermittently. Others, 
such as KW-23 , appear to be perched. The karst windows 
identified within the Karst Hydrogeologic Inventory are 
i ncluded herein as Table 7. 
Like much of the Pennyroyal Sinkhole Plain, the Auburn 
area contains a number of caves. Unlike those within the 
Mammoth Cave area to the northeast, the caves within the study 
area tend to be rather small in size and of short length. A 
typical passageway consists of an oval shaped tube , roughly 
three feet (one meter) in height, and contains a small stream. 
Even the largest cave system, the Stanley-Wilson Cave system 
(Figure 10) with its two entrances (C-1S and C-18) , maintains 
an average passage height of only three feet (one meter), 
including stream depth, ~~roughout its two mile (3.2 
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kilo.eter) course. Three of the caves (C-13, C-24, and C-28) 
have vertical entrances which require rope to enter and have 
been modified into the form of hand dug wells. One of these 
is currently maintained as a water supply for three families. 
One other notable cave within the study area is Crawford Cave 
(C-1) which contains a l a rge stream and two entrances at 
either end of its estimated one-thousand foot (300 meter) 
extent. Table 8 lists all caves identified within the Karst 
Hydrogeological Inventory. 
T~ble 9 lists the sight swallets identified during this 
investigation. The main purpose in assign ng an inventory 
number to these swallets is for clarity in describing the dye 
traces listed below. 
DYe Traces 
As part of this investigation, 25 dye traces were 
conducted. The results of dye traces performed previously by 
others (Quinlan, 1983; Able, 1985; Villa, 1990; etc.) in t he 
study area and its surroundings were also utilized for this 
investigation but will not be described herein . Table 10 
summarizes the dye traces performed for this study while the 
details of the individual traces are described below. 
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Table 9 
Swall •• 
Karst Hydrogeologlcallnvemory 
INVENTORY USGS RESIDENT NAME DATE PERSONNEL COMMENTS 
NUMBER OUAD. AND ADDRESS (M-D-Y) 
SW-l South Ray Hughes 10-15-90 Howcrolt Traced to 5nakertown 
Union Spring 
SW-2 Auburn Earl Perkins Howeron Traced to Shakertown 
525 Flatrock Ad. Sptlng 
Woodburn, KY 
SW-3 Auburn Oeedy Hall Howeron & Black Lick Swall. -
Viers Streel Crawford Traced to the 
Gasper River Rise 
SW-4 Auburn Kenny Yokley 03-28-91 Howerolt Perennial 
589 Irl Scott Ad 
Auburn, KY 
, 
SW-5 South Debbie Woooard 03-28-91 Howcroft Perennial 
Union Bowling Green Rd. 
SW-6 Auburn Ownership Howeron Perennial 
Uncertain 
SW-7 Auburn Steven Webber Howerolt Perennial 
Milliken. Chapel Ad 
SW-8 Soulh Barnett Gottlieb Drains Sarnell Cave 
Union 
TABLE 10 
DYE TRACES 
DYE TRACE DATE DYE INPUT DYE DETECTION ::;OMMENTS 
NUMBER (M-D- Y) LOCATION LOCATIONS 
1 03/01/11 SW-l SP- 21. KW-e Tree. ~rloI'med Un", 
FkIod Condltklnl 
2 O<4Jl8/81 t<W-5 KW-13.KW-14 
SP-'. 
3 04118181 SW-2 KVV-15. KW- 21 . KVV-4. TrllCe Perfonn.ci Under 
KW-3. SP-21. KW-2e. Very H~h Walef 
KW-25. KW-27.SP-20 Conditionl 
• 04/1Wl SW-7 Inconclullw ~1U1i1 
S 08102181 SW-3 KW-63. SP- 2<I C,Hk Dry Oownltream 
of Injection Point 
• 08lOalO1 KW-4S KW-47. KW-48. C-l1 
7 O~I C-28 KW-4' Very Unl. FluorelCeln 
Dye (0 . 75Ibl.) UMd 
, 08l21/V1 W-S2 Inconcluliw ~ ... It l 
• 08/20/V l C-13 KVV-55. KW-5e 
C-15. SP-15 
'0 08l29/V l SW-oI Inconcluliw RelUhl 
" 
09104/V1 C- 20 KW-24. C-23 
" 
ODlO3ID1 KW-<l2 C-l . KW-21. KW-4. Trace Periolm.ct Undef 
KVV-70. KW-21 . SP-21 low Water CondlUonl 
KW-1S. KW-3. C-l0. 
C-3.0-'3 
TABLE 10 
DVETRACES 
PIO' 2 01 2 
DVETRACE DATE DVE INPUT DVE DET~cTiON COMMENTS 
NUMBER (M-D-V) LOCATION LOCATIONS 
13 10/01191 SP-23 KW-34, KW-e&. SP-Hi 
SWlliel 
,. 10lOm1 KW-48 SP-15, C-15, C-18 
15 10/11191 C-22 SP-15. KW-48. C-15 Traee 14 PerlOfmed 
KW-66. KW-58. Prior 10 DllCowry 
C-l •• KW-ee oIC-22 
1. 10103191 KW-24 C-l , KW-70 Performed to 
Supplem.nt Trice 11 
R .. ull. 
17 10/oWGl KW-68 SP-32 
I. 101OW'91 KW-84 SP-32 Longe. Dlune. 
Trice Conduc:l~ 
,. 10118191 SP-4 SP-28, C-7. KW-e Flow Dlr.cllon 
SWIIl,1 OpPO~I' 10 Ihll 
01 Topography 
20 10/25lQ l C-20 Ineonclu.i .... Retull. 
21 10125191 SP-3 KW-14 InlUffic ienl Dye 
SWIII.I Qu.nlily Uled 
22 C-1S KW-55, KW- se, KW-32 Traeed 10 Verity 
KW~, SP-15 Su.peetld Auburn 
Spring Row Route. 
23 06107192 W-1S7 FW-anempt 01 Trlc, 
20, AJeo Yielding 
Inconelutl .... R .. ull. 
2. 08107192 SInkhole KW-24, SP-28 Dye Input Point 
NClr Uwally Dry 
W-22 
25 00107192 KW-30 KW-24, SP-28 Flulhed Ullng Wat., 
Truck 
S4 
DYE TRACES WITHIN THE AUBURN SPRING GROUNp WATER BASIN 
six dye traces were conducted within the Auburn Spring 
Ground Water Basin utilizing fluorescein, optical brightener, 
and Rhodamine WT dyes. Each trace is described in detail 
below, summarized in Table 10, and depicte d in Plate 1. 
Trace' 6: Wright's Karst WindQW (KW-4S) to the Stanley-Wilson 
Caye System (C-1S and C-1S) 
For this dye trace, Wright's Karst Window (KW-4S), 
located along the southern base of pilot Knob, was chosen as 
the dye input point. The purpose of this trace was to aid in 
delineat i ng the northern extent of the Auburn Spring Ground 
Water Basin. Eleven pounds (S. 0 kilograms) o f optical 
b r ightener were mixed with water from the karst window and 
poured directly into the fast flowing stream . Dye receptors 
were c ollect ed seven to twelve days later and returned to the 
l aboratory for analysis . Dye was detected in four locatio s, 
KW-47 , KW-4S, C-1S, and C-1S. Work by Villa (1990) confirmed 
that the stream within the Stanley-Wilson Cave System (C-1S 
and C- 1S) flowed to Auburn Spring. That dye was not detected 
at Auburn Spring (SP-1S) itself most likely reflects an 
insufficient concentration of dye for that distance. Tr ace f 
6 represents a dye trace of approximately four miles (6.4 
kilomet ers) in length. 
Trace t 7: HUghe. Water Well Caye lC-28) to Matlock Caye 
lC-l9) 
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Three-quarters of one pound (0 . 3 kilograms ) ot 
tluorescein dye was mixed and then injected into the cave 
.tream ot Huqhel Water Well Cave (C-28). The small quantity 
ot dye employed was out ot concern tor discolorinq the water 
emerqinq at Auburn Sprinq (SP-1S). Dye receptors were 
collected six t o eleven days atter inj ection and brouqht back 
to the laboratory tor analysis . Dye was detected in only one 
location, at Matlock Cave (C-19), approximately three-quarters 
ot one mile (1.2 kilometers) to the northwest. 
TrAce_ t 9: Aipl ing Water Well Caye lC-13) to Auburn Spring 
CSP-1S) 
Ashton Applinq Water Well (C-13), a hand duq well which 
intercepts a c a scadinq cave stream, was chosen as the dye 
injec tion point for this dye trace. One and three-quarter 
pounds (0.8 kiloqrams) of fluorescein were mixed with tap 
water in a two quart (1.9 liter) nalqene bottle and poured 
directly down the well and into the cave stream below. 
Charcoal dye receptors were collected one to three weeks l ater 
from the tield and analyzed in the lab. Fluorescein dye was 
detected at KW-SS, KW-S6, C-1S, KW-32, and SP-1S (Auburn 
sprinq). Dye was pot detected at the Scott Mills Bluehole 
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(KW- 66) s ince that particular karst wi ndow had not been 
located at the time of the dye trace. Dye was detected at the 
wils on Entrance (C-15) but not the sta nley Entrance (C-18) to 
the Stanley-Wilson Cave system. This suggests that the streaa 
observed in the Ashton Appling Water Well Cave (C-13) flows 
into the Stanley-Wilson Cave System as an infeeder, downstreaa 
of the Stanley Entrance. This dye trace covered a path of 
approximately two and one-half miles (4.0 kilometers) in 
extent. 
Trace ' 13: Swallet Downstream of spri ng SP-23 to Auburn 
Spring (SP-1S) 
For this trace, one-third of one pound (0.2 ki l oqralllS) of 
fluorescein dye was injected into a swallet draining the 
outflow of spring SP-23. Since the suspected output of this 
flow path was Auburn Spring (SP-15), only a small quantity of 
dye was employed to avoid discoloring the spring water. 
Optical brightener could not be employed due to high 
background concentrations of the dye or substance of similar 
fluorescence in karst window KW-34. Fluorescein dye was 
detected in four pl aces including a slightly positive 
detection at Auburn Spring (SP-15). Surprisingly, dye was not 
detected at the Scott Mill Bluehole (KW-66). This trace was 
approximately one mile (1 . 6 kilome~ers) in extent. 
Trace' 14: Matlock Caye (C-191 to the Stanley-WilBon Caye 
System (C-15 a nd C-18) 
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To determine the destination of the stream in Matlock 
Cove (C-19), 9 pounds (4 . 1 k ilograms ) of optical brightener 
wer.e mixed with water from the cove stream in 2 gallon (7.6 
liter) nalgene bottles and injected. Dye receptors were 
collected from the field and analyzed in the lab. Dye was 
detected at Auburn Spring (SP-15) and t he Stanley Wilson Cave 
System (C-15 a nd C-18). Cotton receptors emplaced at KW-55, 
KW-56, and the Scott Mills Bluehole (KW-66) exhibited 
"streaky" fluorescence but not enough to label as "positive-. 
Dye in this trace travelled approximately three miles (4.8 
kilometers) 
Trace' 15: Un-named Caye (C-22) to Auburn spring eSP-151 
One pound (0 . 5 kilograms) of fluorescein was mixed with 
cave water and injected into the stream of this un-named cave. 
Dye receptors were collected from the field one to three weeks 
later and brought back to the lab for analysis. Dye was 
detected in nine locations including Auburn Spring (SP~15), 
Matlock Cave (C-19), the Stanley-Wilson Cave system (C-15 and 
C-18), KW-55, KW-56, and the Scott Mills Bluehole (KW- 66 ) . 
Fluorescein dye was also detected at Ashton Appling Water Well 
Cave (C-13) but this is believed to have been res idual dye 
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left over from Trace' 9 . 
DYE TRACES WITHIN THE SUMMERS SPRING GRQUND WATER BASIN 
Trace t 2; Karst Window KW-5 to Summers Spring (SP-IJI 
Nine pounds (4.1 kilograms) of optical brightener were 
injected into KW-5, a perched karst window. Dye was weakly 
detected at KW-1J, KW-14, and Summers Spring (SP-1J). No dye 
was detected at the adjacont Yokely Blue Hole (KW-19). The 
approximate distance travelled by the dye was one a nd one-hal f 
miles ( 2 .4 kilometers). 
Trace t 2,1; Swallet Downstream of spring SP-J to Summers 
Spring (SP-131 
In hopes of further delineating the Shakertown Spring-
Summers Spring Basin Boundary, five pounds of optical 
brightener were injected into the swallet downstream of spring 
SP-3. Dye receptors were collected from the field two to 
three weeks later and analyzed in the laboratory. Only one 
receptor proved posi ti ve for dye, that from KW-14. Dye 
receptors from KW-19, KW-13, and Summers Spring (SP-13) all 
showed "streaky" fluorescence as did Auburn spring (SP-15). 
Based upon the results obtained from Trace • 2 , this i. 
concluded as a positive trace to Summers Spring. 
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DYE TRACES WITHIN THE SHAKERTQWN SPRING GROUND WATER BASIN 
Trace f 1; Hughes Swollet (SW-1 ) to ShokertOWD Spring (SP-28) 
One pound (2.2 kilograms) of fluorescein was mixed in 0 
five gallon (18.9 liter) bucket with swallet water and 
injected into the stream at Hughes Swallet (SW-l) during 
extremely wet conditions. Two dye receptors proved positive 
for dye content, Shakertown Spring (SP-28) and KW-6. It had 
been originally predicted that the dye would appear at Spring 
SP-6. The results of this trace show however, that the two 
karst f e atures are apparently not connected. KW-1, located in 
a straight line between the dye input and output, also proved 
negative. 
Trace' 3; Perkins Swallet (SW-2) to ShakertOWD Spring (SP-28) 
Two pounds (0.9 kilograms) of fluorescein dye were 
injected into Perkins Swallet (SW-2) which receives its water 
from spring SP-2. This dye trace was performed during high 
water conditions, thereby establishing connections between 
karst windows which are very often dry. This trace and Trace 
I 1 established that two other spr ings (KW-57 and SP-29) 
located adjacent to Shakertown Spri ng (SP-28) are not 
hydrologically connected. 
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Trace f 11: Un-na.ed Coye 'C-29) to Berry Cave 'C-23) 
Thirteen and one-half pounds (6.1 kilograms) of optical 
brightener were mixed with cave water and injected into the 
un-named cave I s stre.. using plastic containers. Oespi te 
using a fairly larqe amount of opti cal brightener, the dye was 
positively detected in only two locations, Rich Karst Window 
(KW-24) and Berry Cave (C-23). At other locations where the 
dye was expected to have shown up, the receptors were only 
streaky. This may have been th& result of poor mixing of the 
dye as a result of difficult injection conditions within the 
cave. To further define the flow route, Trace f 16 was 
conducted. 
Trace' 12: Karst Window KW-62 to Shakertown Spring 'SP-2S) 
During low flow conditions, four pounds (1.8 kilograms) 
of fluorescein dye were injected into this karst window. Dye 
receptors were collected from the field and analyzed in the 
lab. Thirteen of the dye receptors proved positive for dye. 
Surprisingly, none of the closest karst windows (KW-49, KW-59, 
KW-60 , KW-61, and KW-63) were positive for fluorescein. 
Because of the extremely low flow conditions under which this 
trace was performed, dye remained within the system for more 
than three weeks. 
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TrAce t 16: Rich KArst Window (KW-24) to CrAwford Cave (C-l) 
Eleven pounds (5.0 kilograms) o f optical brightener dye 
were injected into the fast flowing streAm of Rich Karst 
Window (KW-24) to prov e the connection of this karst window to 
the Shakertown spring (SP-28 ) system. Dye was detected at two 
locations, KW-70, and Crawford Cave (C-l), proving the 
hypothesis. 
Trace , 19: Swallet DoWDst ream of Spring SP-4 to ShakertoWD 
Spring (SP-28) 
In order to further define the boundary between the 
Shakertolo'Tl Spring and Summers Spring Basins, one and one-
quarter pounds (0.6 kilograms ) of fluorescein were mixed with 
water emanating from spring SP-4 and injected into a small 
sWAllet, approximately 500 hundred feet downstream from the 
spring. Despite both the spring (SP-4) and the swallet being 
l ocated within the topographic drainage of Summers Spring (S -
14), the dye was detected at Shakertown Spring (SP-28). This 
trace proved that the ground water basin divide did not 
correspond to the topographic drainage divide. positive 
detections were also obtained at Ezell Cave (C-7) and karst 
window KW-6. 
Trace t 24: Sinkhole Near Well W-22 to Sbakortown Spring 
(SP-2S1 
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TWo pounds (0.9 kiloqrlUllS) o f fluorescein dye were 
injected into a sinkhole near well W-22 through utilization of 
a truck mounted water tank. Prio to dye injection, the 
sinkhole WAC flushed with approximately 50 gallons (lS9 
liters) of water. After the dye was mixed and injected into 
the deepest part of the sink, i t was then flushed with 
approximately 225 additional gallons (S52 liters) of water. 
Oye receptors were collected from the field and analyzed i n 
the lab for dye content. Receptors collected from Rich Karst 
Window (KW-24) and Shakertown Spring (SP-2S) were strongly 
positive f or fluorescein. 
negative. 
All other dye receptors were 
Trace I 25; Karst Window KW-30 to Shakertown Spring (SP-2S1 
Ten p c-unds (4.5 kiloqrAlDs) of optical brightener dye were 
injected into karst window KW-30 on June 7, 1992. Oye 
receptors were collected from the field eleven days later and 
analyzed for dye content. Like Trace f 24, only those 
receptors from Rich Karst Window (KW-24) and from Shakertown 
spring (SP-2S) proved positive. 
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TRACES CONDUCTED OUTSIDE OF AUBURN. SUMMERS. AND SHAKERTOWN 
SPRJ.NGS GROUND WATER BASINS 
Tr ace' 5 : Block Lick Swallet (SN-31 to the Gasper Riyer Rise 
(SP-261 
Although similar traces had been performed by Baize 
(1987) and Qui nlan (1983), this dye trace was performed to 
establish whether Black Lick Creek was hydrologically 
connected to KW-53 and SP-6. TWo pounds (0.9 kilograms) of 
fluorescein were mixed and injected into Black Lick Creek just 
upstream from t he Black Lick Swallet (SW-3). Optical 
brightener could not be used due to high background levels at 
the Gasper River Rise (SP-26) and KW-53. Dye receptors were 
collected from the field a f ter eight days and analyzed in the 
l ab . Receptors from KW-53 and the Gasper River Rise (SP-26) 
were the only ones positive for fluorescein. 
Tr ace ' 10 ' pymphouse Window (KW-681 to Finney Spring (SP-321 
To gain an understanding of the eastern reaches of the 
study area, twelve pounds (5.4 kilograms) of optical 
brightener were injected into the cave stream of the PUmphouse 
window (KW-68). All dye receptors collected approximately two 
weeks later proved negative for dye content except for that 
collected from Finney Spring (SP-32) w~ ich tested positive. 
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Dickerson Cave (C-26), whose stream had been t r aced to Finney 
Spring by Butoryak and Lassaline (1986) and ,'hose location is 
quite close to KW-68, was negative, 
Trace' 18i Wilson Karst Window CXW-64 I to Finney Spring 
CSP-321 
Trace f 18, like. 17, was conducted to gain a better 
understanding of ground water flow in the eastern portion of 
the study area, Three pounds (1.4 kilograms) of fluorescein 
were injected into the downstream end of Wilson Karst Window 
(KW-64) on October 9, 1991. Similarly to Trace , 17, all 
receptors proved negative except for that taken from Finney 
spring (SP-32). This trace, representing a distance of 
approximately six miles (9.7 kilometers ) , is the longest dye 
trace conducted for this investigation. 
YNSUCCESSFQL DYE TRACE&: 
Four dye traces were conducted during the course of this 
investigation that yielded inconclusive results. Three of 
these traces are believed to have failed as a result of using 
an insufficient quantity of dye. The fourth trace was 
unsuccessful in that two traces utilizing the same type of dye 
were conducted simultaneously leading to overlapping and 
therefore uncertain results. 
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Trace t 4; Dye Input at Swallet SW-Z 
Swallet SW- Z, normally a dry stre am bed throughout most 
o~ the year, accepts a substantial amount of overflow water 
from ephemeral spring SP-18 during periods of h i gh water. To 
determine the course of this overflow route, approximately one 
pound (0.5 kilograms) of liquid Rhodamine WT was injected into 
swallet Sw-z . Dye receptors collected a week later all proved 
inconclusive in terms of dye content. The most l i kely reason 
for the failure of this trace was an insufficient quantity of 
dye employed for the distance involved. It i s difficult to 
perform a qualitative trace using Rhodamine WT because it 
usua lly requires a high concentration of dye for detection. 
Trace' 8; Dye Input at the Jordan Well (W-521 
In hopes of def ining the southern boundary of t he Summers 
Spring Ground Water Basin, approximately one pound (0 . 5 
kilograms) of l iquid Rhodamine WT was injected into an 
abandoned water well at the home of Mr . Jordan, at the base of 
Pilot Knob. After injection, the well was flushed with 
approximately 30 gallons (114 liters) of tap water to flush 
the dye through the system. Automatic water samplers were set 
up at both Summers and Auburn Springs with samples collected 
every 90 and 120 minutes respectively. Activated charcoal dye 
receptors were also Bet at a number locations to provide a 
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backup in case of sampler malfunction. The automatic water 
saaplers wore left out in the field for one and one-half days 
and the dye receptors for roughly two woeks . Upon analysis, 
all water samples and receptors proved inconclusive in ~erms 
of dye content. The reasons for the failure of the trace most 
likely lie in two main errors, an insufficient dye quantity, 
especially to be detected on charcoal receptors, and too short 
of a sampling inte rval at the two springs. 
Trace , 10: pye Input at Swallet SW-4 
Four and one-half pounds (2.0 kilograms) of optical 
brightener were injected into the small stream leading to 
swallet SW-4. Due to uncertain permission to access the 
swallet directly, the dye was injected approximately three-
hundred feet (91. 0 meters) upstream in this slow moving 
stream. Several possibilities exist as to why the trace was 
unsucc essful. Since it is believed that all possible outputs 
(springs) were "bugged", it is reasonable that either 1) an 
i nsufficient quantity of dye was used, 2) the dye broke down 
under the ultra-violet rays of the afternoon sunshine present 
at that time, or 3) the dye was absorbed by plant and other 
organic material present in the slow moving stream. 
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TrAce. , 20 And' 23: DYe Input At Robbin. CAy e (C-201 
In hope of better defining the northwest boundary of the 
Auburn Spring Ground WAter BAsin, two And one-hAlf pounds (1.1 
kilograms) of fluorescein dye were inj e cted into the smAll 
stream flowing through Robbins Cave (C-20). It was 
hypothesized that the dye would flow north to the Gasper River 
Riae (SP-26), in the direction of the regional ground water 
flow. Dye receptors collected approximately two weeks later 
appeared very positive at Auburn Spring (SP-15), KW-55 and KW-
56, the Scott Mills Bluehole (KW-~6), and most surprisingly, 
KW-31. Unfortunately, some or all of these receptors may have 
derived their fluorescein content from Trace , 15 which had 
been conducted only a week earlier. The two traces had been 
conducted simultaneously with the same dye since at that time, 
it was felt that two separate ground water basins were 
involved. However, two incongruities suggest that the dye 
injected at RobbinD Cave (C-20) did, in fact, appear at Auburn 
Spring (SP-15). First, the quantity of dye injected in Trace 
, 15 is unlikely to have produced the observed strong positive 
f luorescence in receptors located over three miles away. 
Secondly, KW-3l had, to date, never proven positive for any 
trace performed as part of this s t udy. 
In an attempt to clarify the results of Trace , 20, the 
dye trace was repeated, this time using one and one-half 
pounds (0.7 kilograms) of fluorescein to reduce the risk of 
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discoloring the City's water supply. Upon retrieval from the 
field, the detectors were analyzed in the lab only to yield 
inconclusive results. There are three possible explanations: 
1) the dye went to the Gasper River Rise (SP-26) as originally 
hypothesized; 2) an ins uffici ent quantity of dye was employed; 
or 3) Auburn Spring (SP-1S) acts as an overflow route f or the 
stream in Robbins Cave (C-20). Since the time of these 
traces, the Robbins Cave entrance has been filled in with 
debris for the new highway which is to run east-west, north of 
Auburn. The importance of this traca becomes greater as it 
suggests that highway runoff could affect Auburn ' s water 
supply. 
Discbarqe Measur ements; AubUrn. Summers. and ShakertOWD 
Springs 
Discharge measurements were performed on the outflows of 
Auburn, Summers, a nd Shakertown Springs using a Price AA 
CUrrent Meter a~ varying discharges, the results of which are 
included herein as Table 11. Rating curves (Figures 11, 12, 
and 13) were then constructed such that at a given stage 
height, discharge could be estimated. The accuracy of these 
estimations is limited, however, to the upper and lower limits 
of the curve. Whi le each curve can be extrapolated beyond the 
limits of the maximum and minimum data points, one should be 
careful when doing so owing to the potential error which can 
TABLE 11 
DISCHARGE MEASUREMENTS 
MEASUREMENT DATE (PERSONNEL) STAGE DISCHARGE 
NUMBER (M- D- Y) (CFS) 
SHAKERTOWN SPRING (ATWATER MONITORING STATIONI 
1 02-22-91 DOYLE & 65.15 116.85 
KOZLOSKI 
2 03-20-91 DOYLE & 64.60 58.95 
PIERCE 
3 05-21 - 91 DOYLE & 63.93 18.81 
HOWCROFT 
SUMMERS' SPRING (AT WATER MONITORING STATION) 
1 02-21 -91 DOYLE & 89.43 36.39 
KOZLOSKI 
2 03-21 -91 DOYLE & 88.72 11.87 
PIERCE 
3 05-21 -91 DOYLE & 88.40 4.96 
HOWCROFT 
4 -25-91 DOYLE & 88.15 1.61 
TURNER 
AUBURN SPRING (300 FEET UPSTREAM OF 68/80 BRIDGE) 
1 02-21 - 91 DOYLE & 75.05 51.07 
KOZLOSKI 
2 03-21-91 DOYLE & 74.63 25.08 
PIERCE 
3 05- 21 -91 DOYLE & 74.50 6.4 5 
HOWCROFT 
4 09-25 - 91 DOYLE & 74.35 1.78 
TURNER 
DOWNSTREAM OF AUBURN AND SUMMERS' SPRINGS CONFLUENCE 
1 09-25-91 DOYLE & N/A 3.06 
TURNER 
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be introduced. The straight nature of the rating curve for 
Shakertown Spring (Figure 13) r eflects the box-like stream 
channel in which the s taff gauge was set. At this location, 
stage height is directly proporti onal to disc harge. The 
Auburn and Summers springs rating curves are more conc ave due 
to the sloping nature of the> landscape on which the staff 
gauges were set. 
Record of St age Height at Auburn. Summers. iUid Sha kertown 
springs 
stag e height was monitored continuously, except during 
periods of mechanical interruption, at Auburn, Summers, and 
Shakertown Springs in 1991 and 1992. Despite, long lapses in 
data resulting from clock failure on the Stevens Type F 
Recorders, sufficient data are available to allow comment on 
the discharge characteristics of the three springs. Figures 
14 and 15 illustrate discharge at Shakertown Spring, r ecorded 
in 1991 and 1992 respectively, as calculated using the rating 
curve shown herein as Figure 13 . Daily precipitation, taken 
as the aver age of recorded rainfalls observed at weather 
sta t ions in Franklin and Russellville, is shown for 
comparison. Due to mechanical problems with instrumentation, 
no dat a were collected between the beginning of April to the 
end of October. During those months of 1991 in which the 
water moni toring station was operational however, the greatest 
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recor ded discharge was on December 2 at which time Shakertown 
spr i ng a t10w rate of approximately 1,141 cts 
( ~2 . l ems ) trom a corresponding stage of 66.52 
f . n is corresponds to a rainfal l e vent of approximately 
-i nches (6.4 centimeters) that occurred on the same date. 
The minimum recorded discharge for 1991 was on February 20 
when a flow rate of approximately 9 cfs (0.3 cms) was 
observed. During 1992, the greatest recorded discharge was 
296.8 cfs (8 .4 cms) which occur red on March 10. This 
corresponds to a rainfall of approximately 1.7 inches (4 . 3 
centimeters) observed on the same day. The minimum recorded 
discharge in 1992 was on February 13 where a d i scharge of 14.9 
cfs (0.4 cms) was maintained. Based on these limited data, it 
is fair t~ suggest that the minimum baseflow discharge for 
Shakertown Spring is approximately 8-9 cfs (0.2-0.3 ems). Due 
t o the incomplete record of stage, particularly during the 
typically dry, summer months, this approximation may be too 
high . During 1991, the study area received 46.83 inches ot 
t ota l precipitation and therefore, based on Table 1, 
represents a normal rainfall year. The average recordod 
discharge for Shakertown spring in 1991 was 95.9 cfs (2.7 
ems) • During the five months of 1992 where stage was 
monitored, the average discharge was 82.3 cfs (2.3 ems) . 
Discharge recorded at Summers Spring during 1991 and 1992 
is illus trated in Figures 16 and 17. During 1991, no data 
were recorded during March, April, most of May, half of June, 
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July, Auqust, and september due to persistent mechanical 
problems at the water monitoring station. During those times 
in 1991 when the s t ation was operati onal, however, a maximum 
and minimum discharge of 176.8 cfs and 1.3 cfs (5.0 ems and 
0.04 ems) l'especti vely, were recorded. The greatest discharge 
occurred on December 4 and appears to correspond to a rainfall 
event of ~ .S inches (6.4 centimeters) which occurred two days 
earlier. In 1992, the greatest recorded discharge at Summers 
Spring was on March 18 when a fl ow rate of 100.9 cfs (2.9 cfs) 
was documented. No correspond ing rainfall event can be 
correlated wi th ,this value; the flood discharge therefore may 
represent the response to a localized thunderstorm. The 
minimum recorded discharge in 1992 was observed during the 
first three days of May where a flow of 1.9 cfs (0.05 ems) was 
maintained. The minimum baseflow discharge at Summers Spring 
therefore appears to be between 1-2 cfs (0.03-0.06 ems). From 
the values recorded, discharge at Summers Spring averaged 24 . 8 
cfs (0.7 ems) in 1991 and 14.5 cfs (0.4 ems) during the first 
five months of 1992. 
Discharge was recorded at Auburn Spring during the months 
of Octobe r, November, and December in 1991 and from January to 
May in 1992 (Fiqures 18 and 19). During 1991, the greatest 
documented discharge was on December 2 when a flow rate of 
171. 3 cfs (4.8 ems) was recorded . This corresponds to a 
precipitation event of 2.51 inches (6.4 centimeters) recorded 
on the same day. The minimum discharge recorded was 0.22 cfs 
Vi 
UJ 
X 
o 
z 
=-
z S 1_ 
~ 1 ---
UJ 
a: 
C>. 
1991 PRECIPITATION 
FEBRUARY 18 • DECEMBER 26 
--- -- -- .-._-------,- ----I 
-------I-----I- ~-~---I 
TIME (CALENDAR DAYS) 
1991 DISCHARGE 
SUMMERS SPRING 
160+-----------~---------------1-~ 
140~-- -,-------,-----------------I-----j 
Vi ~ 120+---I--------~----------------~~ o 
~ 
UJ loo j---I--------I-----------------I~---I 
<!l 
a: 
« 80~-­
x 
o 
(/) 
o 
TIME (CALENDAR DAYS) 
FIGURE HS: 1881 PRECIPITATION AND DISCHARGE, 
SUMMERS SPRING 
1992 PRECIPITATION 
JANUARY 6 - MAY 4 
1.8.,-------------------, 
1.6-1----- - --t-
f[ 1.4-1--- - ------1--- -- ---- --
:J: 
~ 1.2 r - ---- --- - - - -
"" z 1 +---- - - - - ------,-- -- 1 
o 
~ 0.8 ---
5 0.6 -
w g: 0.4 --- - -
-- -
-- ---- -
------
O·~+--~-..Iml-nt.-~!"!"""~-- ~~I-~I-~+'!"'--I~+~-~~. ~,!,!,-~f--~-- _--~ 
6 17 28 39 50 61 72 83 94 105116 
1 
1 
-CJ) 
u. () 
~ 
w 
<!l 60 a: 
« 
:J: 
() 
CJ) 40 
0 
6_ 
TIME (CALENDAR DAYS) 
1992 DISCHARGE 
SUMMERS SPRING 
TIME (CALENDAR DAYS) 
FIGURE 17: 1882 PRECIPITATION AND DISCHARGE, 
SU .... ERS SPRING 
en 
w 
:r 
o 
z 
"" z 
1991 PRECIPITATION 
OCTOBER28-DECEMBER17 
------ - - --- --____a-- ------ ---I 
Q 1 fi~-- ---11---
S 
C>. 
o 
w 
a: 
1 
Cl. Ds-l- ----ll-
-
TIME (CALENDAR DAYS) 
1991 DISCHARGE 
AUBURN SPRING 
1 ROT----------------, 
~ 120~----------1-----1------1 
~ 
w 100+-------------II--------~HI--------1 (!) 
a: 
« 
:r 
o 
CJ) 
c 
TIME (CALENDAR DAYS) 
FIGURE 18: 1881 PRECIPITATION AND DISCHARGE, 
AUBURN SPRING 
1992 PRECIPITATION 
JANUARY 6 - MAY 4 
1.8,~·-------------------, 
1.6',--- - -f---. ----,--
ffi 1.41------ ---. .- -
J: ~ 1 .2~-- ---
;. 
z 1 .-----------1 
o 
~ 0.8 -------- - 1- ----
~ 0.6 -- ---- - -, 
w 
a: 
C>. -- - ----- - -,----1 0_4 - - 1- --,-1- -1,- - -
. O.:+---:!,~I~,!!,""!!!~l~III",,:!-':-II--t--- - -- ,-1----1 
6 17 28 39 50 61 72 83 94 105116 
TIME (CALENDAR DAYS) 
1992 DISCHARGE 
AUBURN SPRING 
~ 40+- -----------
o 
~ 
w 
Cl 
c: 
« 
I 
o 
CJ) 
a 
6_ 
TIME (CALENDAR DAYS) 
FIGURE 18: 1882 PRECIPITATION AND DISCHARGE, 
AUBURN SPRING 
112 
(0.01 ca.) which va. ob.erved on Noveaber 15, 1991. It .hould 
be noted that discharqe value. recorded at Auburn Spring are 
sa.ewhat aisleadinq in that they do not include the amount ot 
water withdrawn by the City'" water inta~e pipes. A discharqe 
ot 0.22 ct. (O.O~. cas) then repres.,nts a withdrawal rate 
e.,sentially equal to the total discharge ot Auburn Spring. In 
1992, Auburn Spring possessed a maximum recorded discharge ot 
53.7 cts (1.5 cas), maintained trom March 18 to March 21. The 
lowest recorded discharqe was 1.4 cts (0 .04 ems), observed on 
February 11 and again on May 4, 1992. In general, Auburn 
spring maintained an average recorded discharge of 27.1 ct. 
(0.8 ems) in 1991 and 18.8 cfs (0.5 ems) in 1992. 
Potentiometric Map of Ground Water Flow in the vicinity of 
Auburn 
Plate 1 summar izes the results of all field work 
performed for this investigation and illustrates ground water 
flow in the vicinity of Auburn. All wells, caves, swallets, 
karst windows, a nd springs identified within this study are 
located upon the map and labelled with their respective 
inventory numbers. For the purpose ot clarity, water 
elevation. ot the individual features are not shown but are 
stated in Tables 5, 6, 7, 8, and 9. Wells are denoted by 
solid circles, karst windows by solid triangles, c aves by 
.aall solid circles within larqer, open circles, swallet. by 
solid box.s, and springs by the standard 
utiliz.d on USGS topographic maps . 
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spring sYJlbol 
The potentio •• tric map was construct~d by ~irst plotting 
all known water elevation data on a t opographic map along with 
ground water flow rout es, as determined from dye tracing. 
This includes elevation data and dye traces collected not only 
during this investigation, but those obtained during previous 
investigations by other researchers, as discussed in Chapter 
3. Water table elevations were then interpolated between 
individual data points and contours drawn across the study 
area. In areas of few or no data points, a greater amount of 
interpolation was necessary, particularly a long the southern 
and eastern margins of the study area. Topographic expression 
was often ut ilized in the construction of water table contours 
in areas of little or no water elevation data. The water 
table usually, though not always (especially in karst areas), 
mimics the land surface. 
Once the water table contours were constructed, the 
individl.la l basin boundaries for the Auburn, Summers, and 
Shakertown Spring Karst Ground Water Basins were drawn. The 
basin boundaries are depicted with heavy, dark lines and show 
an area of 9.74 square miles (25.23 square kilometers) for the 
Auburn Spring Karst Ground wat r Basin, 3.49 squa re miles 
(9.04 square kilometers) for the Summers Spring Karst Ground 
Water Basin, and 19.02 square miles (49.26 square kilometers) 
for the Shakertown Spring Karst Ground Water Basin. 
CHAPl'ER VI 
CONCLUSIONS AND RECOMMENDATIONS 
The Auburn Spring Karst Ground Water BAsin 
The Auburn Spring Karst Ground Water Bosin encompasses an 
area of approximately 9.74 square miles (25.23 square 
kilometers) and i s located in portions of Logan and simpson 
counties, Kentucky (Plate 1). Ground water flow is primarily 
northerly in direction and travels through sub-surface 
conduits to emerge at Auburn Spring. The largest of these 
conduits is known as the stanley-WilBon Cave System which 
extends for a mapped distance of approximately two miles (3.2 
kilometer s ) in the central portion of the basin. Auburn 
Spring currently serves as the primary water supply for the 
City of Auburn which possesses a population of 1,273 people . 
While the majority of the population receives water supplied 
by the City's Water Syst~, a small percentage obtai ns water 
from private wells. 
The majority of the Auburn Spring Ground Water Bosin 
consists of rural farmland with only isolated areas of forest 
remaining . A significant portion of Auburn itself, however, 
also lies within the spring's catchment area. contained 
within the City are a nWllber of potential threats to the 
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quality of the it. water: automobile .ervice station., 
factori •• , home. with .eptic tanks , and a r llilroad ·.nd 
hiqhway. alonq which potentiall y harmful ' subs~ances are 
transported daily. In addition to the threat of ~91 ' ls, storm 
water runoff containi nq lead, chromi Ulll, and other contaminants 
may easil y impact the quality of water at Auburn sprinq. 
Due t o the presence of the City's water intake pipe at 
the head of Auburn Sprinq, discharqe measured at the spri nq 
represents only the amount of water not beinq withdrawn by the 
city at that particular time. Therefore, an estimate of the 
actual amount of water available for withdrawal from Auburn 
Sprinq is not possible. In 1991, the averaqe recorded 
discharqe at Auburn Sprinq was approximately 27 cfs (0.8 ems). 
Durinq the ,first five months of 1992, discharqe averaqed 
approximately 19 cfs (0.5 ems). The minimUlll recorded 
discharqe was less than 0.25 cfs (0.01 ems). At this low flow 
rate, the City is withdrawinq a volUllle of water nearly 
equivalent to that which the sprinq is supplyinq. A 
continuous record of staqe was not recorded due to nUlllerous 
mechanical problems with the Auburn Sprinq water monitorinq 
station. For this reason, it is impossible to estimate the 
percentaqe of time durinq which the discharqe of Auburn Sprinq 
will remain this low. Durinq the time in which the water 
moni torinq station was operational however, there occurred 
thirteen separate occasions in 1991 where discharqe was le •• 
than on. cf. (0.03 ems). SUlIIIIers Sprinq maintained a 
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discba~. of 1.5-2.3 cfs (0.04-0.07 ems) on those same days. 
Therefore, during this period, Black Lick Creek had a maximum 
flow rate of two to three cfs (0.06-0.08 ems). This number 
represents the minimum number of days during 1991 in which 
Auburn was most likely in violation of the s tate of Kentucky 
regulations regarding the discharge of treated waste water 
into a surface stream. 
The Summers Spring Karst Ground water BAsin 
The Summers Spring Karst Ground Water Basin encompasses 
an area of approximately 3.49 square miles (9.04 square 
kilometers) and is split into two nearly equal parts by the 
Logan-Simpson County line (Plate 1). Ground water flow is 
primarily to the north-northwes t and appears confined to 
water -filled conduits visible in only a few locations. There 
are no known air-filled caves within the Summers Spring Karst 
Ground Water Basin. Oischarqe measurements performed on 
SUlIIJIIers Spring, Auburn Spring, and on Black Lick Creek, 
downstream of their confluence, suggest that some of the 
outflow of Summers Spring is being lost to Auburn Spri ng . If 
so, the Summers Spring Karst Ground Water Basin may be in the 
process of being slowly pirated into the Auburn Spring Karst 
Ground Water Basin. 
The Summers Spring Karst Ground Water basin consists 
entirely of farmland utilized for pasture and row crops . It 
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i. .par.ely populated and only a few of the residents depend 
on private wells to lAeet t heir water needs. Ground water 
emerqes at Summers Spri ng to flow for onl y a short distance 
before joining the outflow of Auburn Spring. Together, the 
two s prings form the headwaters of Black Lick Creek. Since 
the outflow of Auburn Spring is often less than one cfs (0.03 
ems), the City depends on Summers Sprinq to provide sufficient 
water for dilution of its treated wastewater discharged into 
Black Lick Cre ek a short distance downstr eam. 
The avera ge recorded dis charge for Summers Spring in 1991 
was approximately 25 cfs (0 . 7 ems). During the first five 
months o f 1992, discharge averaged 11.5 cfs (0.3 ems) . The 
minimum low flow discharge for Summers spring is approximately 
1.3 cfs (0 . 04 ems). During those times in which the water 
monitoring station at Summers Spring was operational, there 
were only eight days in which discha rge was less tha n 1.5 cfs 
(0.04 cms) , all in October of 1991. 
The Shakertown Spring Karst Ground Water Basin 
The Shakertown Spring Karst Ground Water Basin occupies 
an area of approximately 19.02 square miles (49.26 square 
kilometers) with ground water flow being essential ly due north 
(Plate 1). Ground water discharges at Shakertown Spring which 
was once used as a water supply for the Shaker settlement at 
South Union . Ground water flow is almost entirely within 
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subsurtac. conduits, such as those cav.s which can be seen on 
the crawtord, Schwartz, and Ezell properti.s. The Shak.rtown 
spring Ground water Ba.in i. utilized almo.t entirely tor 
agricultural purpo.... Ther. are three main threat. to it. 
water quality: 1) a .ingle automobile .ervice .tation, 2) a 
railroad, and 3) the nuaerou. highways which traverse it. 
Shakertown Spring lie. at a di.tance ot approximately four 
miles (6.4 kilo.eter.) trom Auburn. 
During tho.e times in which the water monitoring .tation 
was operational at Shakertown Spring, di.charge averaged 96 
cfs (2.7 cas) in 1991 and 82 cfs (2.3 ClDlJ) in 1992. The 
ainimua ba.etlow discharge tor Shakertown spring appears to be 
on the order ot eight to nine ct. (0.3 cas). 
Alternative. t or the City of N,hUrn 
The City of Auburn is currently taced with the problem of 
an insutficia nt volume ot available water .upplied by a .pring 
which is extremely vulnerable t o pollution. The city needs 
additional water not only tor public consuaption but also to 
meet State requirement. regarding the dilution of their 
tre ated wa.te water into Black Lick Creek. The City's 
problem. are compounded by the tact that Black Lick Creek, and 
th.r.fore the City's treated wa.tewat.r, .inks underground at 
the Black Lick Swall.t. From the r •• ult. of this 
inve.tiga tion, it appear. that the Ci t y po •• es.es only a 
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li.it.d nuabar of possible solutions to its problems. Th.s. 
are described below. 
Alternative f 1: Ho Action 
Auburn could maintain the status quo by doing nothing 
about its water problems. However, the city has recently 
received fines by the state of Kentucky for violations of 
wastewater discharge regulations (Crawford, 1992). While 
paying these fines may be less expensive than developing a new 
water source, there would still be an insufficient volume of 
water. 
Alternative f 2: Purchase water trom the East LogAn County 
utilitv District 
Aubcrn could purchase water from the East Logan county 
utility District on a as needed basis. Auburn would nee to 
evaluate and compare the costs of doing this as opposed to one 
of the following alternatives outlined below. The City, in 
its evaluation, should also consider the cost of prolonged 
water purchases if Auburn Spring should at some time become 
contaminated. In addition, this alternative would not solve 
the probl.. of there being insufficient discharge in Black 
Lick Creek for adequate dilution of Auburn's treated 
waatewater. 
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AlternAtiye f 3; utilizAtion of ShAkertown spring 
The City of Auburn could pWllp witter from Shakertown 
Sprinq to its water treatment plant throuqh a pipeline 
constructed alonq Hiqhway 68/80 (Fiqure 20). The project 
would be expensive in that the pipeline would not only need to 
cover A horizontal distAnce of approximately four miles (6.4 
kilometers) but overcome a hydrAulic head of over sixty feet 
(18.3 meters ) as well. However, i t is l ikely that Shakertown 
Sprinq could provide more than a sufficient Amount of water 
for years to come. The water could be used as Auburn's 
primary water source, as a backup source in times of low flow, 
for wastewater dilution purposes only, or even as an emerqency 
supply in case of a spill within the Auburn Sprinq Karst 
Ground water Basin. 
One other way in which Shakertown Sprinq could be 
utilized is for dilution of the City's treAted wastewater. A 
pipeline constructed alonq HiqhwAY 68/80 could carry Auburn's 
treated wastewater to Shakertown Sprinq where it could be 
discharqed into the stream which flows from the sprinq. There 
should be plenty of water for adequate dilution. In this 
manner, the City would not have to worry about their 
wastewater enterinq the subsurfAce as it currently does at 
BlACk Lick Swallet. The City could then use the combined flow 
of both Auburn and Summers Sprinqs for public consWllption. 
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FIGURE 20: ALTERNATIVE SOURCES OF WATER FOR 
THE CITY OF AUBURN 
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Alternatiye t 4: Utilizati2n of Karst Window KK-4 
Auburn could pump water from karst window KW-4 (Figure 
20), located within the Shakertown Sprinq Ground Water Basi n, 
into a sinkhole within the Summers Sprinq Ground Water Basin, 
thereby increasinq flow at Summers Sprinq. It is estimated 
that at loast three to four cfs (0.08-0.1 ems) of flow is 
available at this location. The advantaqe to this alternative 
is that water would have to be pumped a distance of only one 
and one-half miles (2.4 kilometers) rather than the four miles 
(6.4 kilometers) if Shakertown sprinq was utilized. The 
dis dvantaqes are: 1) less water would be available; 2) a 
hydraulic head of approximately 110 feet (33.5 meters) would 
need to be overcome; 3) water would need to be diverted from 
Summers Sprinq to the water treatment plant; and 4) the City's 
treated wastewater would continue to enter the subsurface at 
Black Lick Swallet. FUrther research would be necessary to 
determine the actual amount of water available at this 
location. 
Alternatiye • 5: utilization Qf Karst WindQw KW-36 
Karst windQw KW-36 CQuld be pumped in a manner similar tQ 
that described in Alternative , 4 (Figure 20). The Qnly 
advantaqe tQ usinq this karst windQw is that water WQuld only 
have to be pumped a horizontal distance of apprQximately one 
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mile (1.6 kilometers) and a vertical distance of approximately 
40 feet (12.2 meters). However, the amount of water actually 
available at thia location ia uncertain. It is estimated that 
a minimum of one cfs (0.03 ems) is available but additional 
study would be required to confirm t his. The aame 
disadvantage described in Alt tk. tive • 4 applies here as 
~ 
well. 
Of the five alternat jve solutions to Auburn's water 
supply problems presented herein, t he best is undoubtedly the 
most expensive. Utilizatioll of Shakertown Spring will provide 
the greatest amount of water but will require the most money 
for construction. Auburn therefore needs to decide exactly 
how much additional water it requires before necessarily 
deciding against the other alternatives. Whatever the choice 
may be, it is imperative that the decision be made soon. 
Auburn not only faces the prospect of additional punitive 
fines by the State of Kentucky for violation of its discharge 
laws but also the potential for a water emergency if there 
we re to occur a spill of some harmful substance within Auburn 
spring's catchment basin. 
Suggestions for Further Research 
While this investigation served to inventory karst 
hydrological features and provide the general picture of 
ground water flow within the Auburn area, additional 
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intormation would be beneticial tor the protection of Auburn's 
water resources. specific point-sour e tacilities exist 
within both the Auburn and Shakertown Sprinq Ground Water 
Basins that represent potential threats to the quality of the 
water. These include the aforementioned service stations, the 
factory, and the soon to be finished hiqhway north of the 
City. Additional dye traces should be performed from these 
locations to verify their relationship to the individual 
sprinqs. Furthermore, protective measures could be ins tiqated 
whi ch would help reduce thei~ potential threat to the 
integrity of the water supplies. This miqht include tank 
testing, site inspection, and even a simple audit of 
potentially hazardous products and handlinq procedures . 
Bounda ries for each of the three qround water basins 
could be more accurately delineated throuqh further dye 
tracing. This is particularly true for the southern 
boundaries of all three basins, the western boundary of the 
Auburn S~ring Ground Water Basin, and the eastern boundary of 
the Shakertown sprinq Ground Water Basin. 
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